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This study attempts to discern if geologic time is a threshold concept for student 
understanding of evolutionary theory. A threshold concept enables the learner to unpack 
other concepts because of its importance in thought construction.  In this study three 
teachers and ten sections of biology were investigated from the same high school. Each 
teacher used the same activities, in the same sequence, and with identical evaluation 
methods. Students in the treatment group covered a unit on geologic time prior to 
completing course work on evolutionary theory. Student misconceptions in both control 
and treatment groups were assessed using a composite concept inventory administered 
post and prior to the study. Statistical analysis conducted revealed no statistical evidence 
to support the contention that the treatment method was more effective than traditional 
methods of teaching evolution. It was found that students agreed significantly more with 
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Palmer stated that: 
 “One of the aims of science education is that students will develop their 
 understandings of the world around them. Yet this will not be achieved if they are 
 unable to accurately apply scientific principles to the range of everyday 
 phenomena that make up the world around them. The challenge for science 
 educators is to identify the factors that inhibit students from doing this, so they 
 may be addressed in the classroom.” (1999, p. 651).  
Palmer very concisely described one of the fundamental challenges facing a 
science educator, namely transferring knowledge in a meaningful way to a student. 
Though it may be possible to have a class of students memorize words and definitions, it 
is another matter entirely to have those same students internalize the significance of 
terms, understand their interrelatedness, and to then be able to appreciate their potential 
application. (Libarkin et al., 2005 has similar findings.)   Sadler (1998) stated his research 
suggested “that the learning of scientific concepts may not best be modeled by the slow 
accumulation of knowledge over time, but by more complex, nonlinear processes (p. 
278). Sadler (1998) also noted that a year in a science class did not necessarily cause 
students to give up their misconceptions and adopt more scientifically valid ideas (p. 280) 
and that students will regress to older forms of understanding as they enhance their 
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scientific understanding of newer concepts (p. 281).  Libarkin and Anderson (2005) noted 
that post instructional gains in conceptual understanding are often small and that often 
students still hold onto many misconceptions even after passing a course (p.400).  
Understanding what limits student understanding and how students construct 
knowledge are two fundamental and essential goals of education. Without knowing 
which content and instructional practices produce effective learning outcomes, no 
progress can be made in improving the quality of education for all students. This study 
examines how the concepts of geologic time and evolution impact student learning and 
whether the general absence or scarcity of geologic “deep time” concepts in traditional 
biology curriculum and high school text books inhibit students from overcoming 
misconceptions about evolutionary theory.  
Research Questions: 
Research question, Primary: 
 
1. What impact does including geologic time as a core concept embedded in an 
evolution unit have on correcting a high school student’s misconceptions about 
evolution? 
1a. How do high school students connect the ideas of deep time and evolution? 
1b. Does a scientifically grounded understanding of the vast scales of geologic 
time assist a student in understanding the mechanisms by which change in 
population accrues over time, potentially leading to speciation?  
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A Note on Terminology 
The literature discussing student understanding of scientific ideas is inconsistent 
in the exact phrasing and terminology used.  Terms such as alternative conceptions, 
misconceptions, naive conceptions, and preconceptions are all used by various authors to 
describe the same phenomena. For this reason all of the aforementioned terms should be 
considered synonymous for the purposes of this paper.  This paper will use the term 
misconceptions to describe this phenomenon.  
Rationale  
            Washington State Essential Academic Learning Requirements (EALRs) require 
that students receive instruction in the theory of evolution (See appendix A). Not only is 
this an area of controversy, but it is also an area often very poorly understood by students 
who graduate from high school or college even after receiving specific and direct 
instruction in this concept (Cunningham and Wescott, 2009; Gregory, 2009; Gregory and 
Ellis, 2009; Nehm and Reilly, 2007; Woods, and Scharmann, 2001).  Research 
demonstrated the persistence of misconceptions held by students is difficult to alleviate 
(Nelson, 2008; Robbins, Jennifer, and Roy, 2007; Robbins, and Roy, 2007; 
Baumgartner, and Duncan, 2009; Nehm and Reilly, 2007; Donnelly, Kazempour, and 
Amirshokoohi, 2009; Gregory, and Ellis, 2009; Gregory, 2009). The research also 
indicates that geologic time (or the deep time of McPhee, 1981) is an important concept 
and essential to understanding the theory of evolution, but it is often not taught in 
conjunction with evolution nor given more than a cursory mention in most biology texts 
(Donnelly,  Kazempour, and Amirshokoohi, 2009; Trend, 2002; Dodick, 2007).  
Research suggested deep time is inconsistently supplemented by teachers (often because 
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it is an area of controversy). Furthermore, many teachers hold misconceptions about the 
concept of deep time (Petcovic and Ruhf, 2008).  
There is virtually no published research on the actual inclusion of deep time in an 
evolutionary curriculum and its impacts on correcting misconceptions (excepting Pulling, 
2001; Catley and Novick, 2008). The purpose of this study is to determine the impact of 
the inclusion of a thorough analysis of deep time concepts, integrated into an 
evolutionary biology curriculum, on student-held misconceptions. This impact will be 
measured through content inventory tests covering evolutionary and deep time 
misconceptions. Active response systems (clickers), concept maps, two-column notes, 
and participation in peer group discussion are tools that will be used by all students 
participating in the study.  Note that the tools discussed in the previous sentence are 
included as part of the study because they are common classroom elements. They are 
utilized to maintain consistency of classroom practices between all groups and teachers 
participating in this study, and to maintain consistency for students with academic 
practices utilized prior to the study. The only products analyzed as part of this study from 
the aforementioned tools were the concept maps developed by students participating in 
the study.  
Hypothesis 
            The hypothesis presented in this study is that there will be a statically different 
(α=0.05) score gain between the control groups who does not participate in the geologic 
time unit and the treatment groups who complete the geologic time and evolution units. 
The Null hypothesis is that there exists no statistically significant score gains between 




H10: There is no significant difference in mean evolutionary concept test score 
gains between students learning evolutionary concepts under the treatment learning 
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H1A: There is a significant difference in mean evolutionary concept test score 
gains between students learning evolutionary concepts under the treatment learning 









REVIEW OF THE LITERATURE 
Barriers to Understanding Evolution  
            Evolution is one of the cornerstones in the biological sciences that explains not 
only why life on the Earth exists in its extant form, but also provides tantalizing clues 
into the origin and subsequent transformation of all life.   The theory of evolution is as 
essential to understanding the development of life as plate tectonics is to understanding 
the dynamic reshaping of the Earth’s crust. The college textbook, Campbell Biology (9th 
edition) defined evolution as “Descent with modification; the idea that living species are 
descendants of ancestral species that were different from the present-day ones; also 
defined more narrowly as the change in the genetic composition of a population from 
generation to generation.” (Reece, Urry, Cain, Wasserman, Minorsky and Jackson, 2011 
p. G-13)  
Though the concept of evolution is often considered a fundamental aspect for 
understanding the life sciences and historical geology, it is also one of the most 
controversial concepts as well. A Gallup poll from February 2009 found that few 
Americans support the theory of evolution (Newport, 2009). Of those surveyed only 39% 
believed in evolution. The survey also found that the amount of education received by 
those surveyed affected their acceptance of evolution. Only 21% of those with high 
school diplomas and no further education believed in evolution while individuals with 
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postgraduate degrees were found to believe in the theory of evolution 74% of the time 
(Newport, 2009). Although understanding evolution does not necessarily require 
acceptance, it is revealing that often what a person considers as “evolutionary theory” 
may not in fact be a scientifically valid component of it. Woods and Scharmann (2001) 
found that the majority of students in their study poorly understood evolution or lacked a 
proper understanding of the theory. It was also found by Woods and Scharmann (2001) 
that religious belief strongly influences what a student accepts in light of evolutionary 
theory, and that regardless of whether a student understood what the theory of evolution 
truly means, students were willing to take a stand on whether the subject should be taught 
in the first place. Robbins and Roy (2007) found that even students who espoused to 
accept evolution rarely understood it; “we were therefore disturbed to find that most 
students who claimed to “believe in” evolution were doing just that- only substituting a 
scientific authority for a divine one” (p.462). Gregory and Ellis (2009) noted a positive 
correlation between acceptance of evolution and general understanding by a student, but 
also found that when comparing their study to others’ similar studies “It may be that as 
one’s education level rises, understanding a topic becomes increasingly important for 
accepting it” (p.797). As a result of a study conducted by Almquist and Cronin (1988), 
college students were found to often have achieved a greater understanding of 
evolutionary theory than those with a lower level of education, but also that students in 
college possessed an inadequate understanding of the origins of life, the geographical 
settings of human evolution, the fossil groups identified as links in the chain of human 
evolution, the concepts underlying carbon-14 and potassium-argon dating, and the 
mechanism of natural selection. Misconceptions are common amongst even those who 
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have had scientific training (Nehm and Reilly, 2007; Gregory and Ellis, 2009; Anderson 
and Bishop, 1986). This is often caused by a lack of concept connections and 
understanding the range of implications the data provide as evidence of the occurrence of 
evolution (Gregory and Ellis, 2009).  
The literature suggests that although students commonly receive training in 
evolution at the high school level, a large number of students enter college with many 
misconceptions about what this theory states and how it operates (Robbins and Roy, 
2007). Cunningham and Wescott (2009) found “that student understanding of 
evolutionary processes is limited. Even the students who accept the validity of evolution 
do not understand how its mechanisms work” (p. 513).  Almquist and Cronin (1988) 
found that similar misconceptions existed at the time of their study. Nehm and Reilly 
noted 
“Our results also suggest that even after high school instruction 
about natural  selection and a semester of introductory biology, 
misconceptions make up a  significant part of students' conceptual 
understanding of natural selection.  Students arrived in class employing 
nearly as many misconceptions in their  explanations of evolutionary 
change as they did key concepts.” (p.271).  
Bishop and Anderson (1986) found that the understanding of natural selection 
among students was “surprisingly low”; “even among those students taking two or more 
years of previous biology instruction, no more than 31% exhibited an understanding on 
any issue” (p.14). These researchers also found that prior instruction in biology had a 
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negligible effect on the correction of student misconceptions pertaining to the origin and 
survival of new traits, the role of variation within populations, and evolutionary change.   
This phenomenon may, in part, be caused by the fact that the texts used by 
educators may be written in such a way that a student may be led to misinterpret what 
he/she is reading and draw incorrect conclusions about the fundamentals of evolution. 
Sadler (1998) found that what is taught in many biology textbooks is beyond what 
students can learn at the grade level for which the texts are intended, and that many of the 
concepts are challenging even for students who are several grades more advanced. 
Linhart (1997) reviewed 50 major text books from various biological disciplines 
(ecology, genetics, paleontology, general biology for majors and nonmajors, systematics, 
and evolution) and found that “the concept of evolution is still not presented accurately in 
some biology textbooks” (p.390). Linhart also noted that many of these textbooks do not 
effectively convey what a theory is and how its use towards scientific concepts differs 
from how the word may be used in everyday vernacular. Cunningham and Wescott 
(2009) found that “the misconception about the meaning of the term ‘scientific theory’ is 
equally widespread among students” (p.510).  
  A further potential barrier to the understanding of evolutionary theory is the 
student’s ability to comprehend and connect information in a meaningful way. Evolution 
is a complex subject and Sinatra, Brem, and Evans (2008) discussed that acquiring a 
scientifically valid understanding of this topic may require a conceptual change, forcing 
the student out of a comfortable and familiar way of understanding how natural processes 
occur. A conceptual change involves altering (often fundamentally) the way in which an 
individual internally structures knowledge in order to accommodate new information 
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(Sinatra, et al., 2008).  This study described several constraints in which students may 
have built up past knowledge that will inhibit them from understanding evolution. This 
occurs because the new information will often conflict with their existing background 
knowledge, prior life experiences, and potentially personal beliefs. An example of this is 
that students commonly will have experienced the fixity of everyday objects they 
encounter, e.g. a peach does not become a melon if left alone long enough. Evolution 
espouses that species change over time. (Although it is possible for humans to manipulate 
the rate and direction of change in a species through artificial selection, this process will 
not be considered for the purpose of this study). Incorporating everyday experience can 
make it difficult for a student to appreciate both the mechanisms of change that are 
present and the time scales over which they occur. 
Cultural and Religious Barriers to Understanding Evolution  
These difficulties in understanding can also arise or be enhanced by the student’s 
cultural and religious beliefs (Aikenhead 1996, 2001; Jegede and Aikenhead, 1999).  
Aikenhead (1996, 2001) and Jegede and Aikenhead (1999) described challenges for the 
students that arise from “border crossing”—essentially approaching the concept of 
evolution with a world-view that is dissimilar from the norms of western science. 
Aikenhead (1996) described western science as a set of “knowledge, skills, and values”  
that are common to western culture but that may not be understood in the same way or as 
readily by persons who grow up in a separate culture. In this instance, Jegede and 
Aikenhead (1999) claimed that the culture of science can often be opposed to the way the 
pupil constructs his or her world view and that asking a student to accept scientific 
concepts and conventions can essentially amount to asking the student to reconstruct the 
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way in which he or she conceptualizes the world and his or her understanding of it, 
according to a new set of norms and values. Woods and Scharmann (2001) recommended 
“during this entire process teachers should keep in mind that they are educating the 
(whole) student … consequently, not only are they dealing with students' prior 
knowledge, they are also dealing with students' emotional states and community pressure 
factors that influence everything students do” (Implications for Instruction, 2001 para. 3).  
Religion can also pose a potential challenge when discussing evolution.  This 
topic is discussed eloquently in Stephen J.Gould’s Rocks of Ages (2002) and in Kenneth 
Miller’s Finding Darwin’s God (2007).  Both authors had extensive scientific 
backgrounds and were active scientific researchers. Their essential premise is that the 
roles of science and religion do not have to be viewed as diametrically opposed but that 
they offer different contexts to explain the why and how of everyday existence. Both 
scientists fully supported and defended the validity of the theory of evolution, but also 
left room for religion to have an important role in non-scientific society. The U.S. 
National Academy of Science (2008) espouses religion and evolution need not be 
opposed to one another; many denominations and people who possess religious 
convictions accept the scientific evidence for evolution and that instead of lessening 
belief many scientists have written of how studies of biological evolution have enhanced 
their religious beliefs. Cotner et al. (2010) found that “holding young-Earth beliefs 
appears to impact negatively, but not significantly, one’s ability to grasp cognitively 
evolutionary theory” (p. 861). Donnelly et al. (2009) found that in some instances gaining 
better understanding of evolution may benefit the student in understanding his/ her own 
religious views and what his/ her and other religions acknowledged regarding 
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evolutionary theory (p.657). Robbins and Roy (2007) noted that some students indicated 
that their reason for not accepting evolution was because of their religious 
denomination’s (Roman Catholic) stance on evolution, even though their denomination is 
not actually opposed to evolution (p.462).  This further illustrates these researchers’ 
earlier conclusions that students often dogmatically accept or reject the theory of 
evolution without truly understanding the support for their position, be it from either 
religious or scientific basis.  
Many students come into the classroom with the idea that evolution is not 
possible, which partially may stem from the fact that they harbor many misconceptions 
about what evolution is and how it functions. It has been shown that even with training, 
many students have trouble understanding exactly what is meant by the term “evolution” 
(Bishop and Anderson, 1986; Cunningham and Wescott, 2009; Gregory, 2009; Woods 
and Scharmann, 2001; Gregory, Cameron, and Ellis, 2009; Nehn and Reilly, 2007; 
Nelson, 2008; Robbins and Roy, 2007). Meadows et al. (2006) recommended 
understanding the students’ perspective in terms of their religious belief system and 
attempting to plan lessons which will allow those students to be able to understand, if not 
accept, the reason for the way science views a particular topic. Allowing students the 
opportunity to compare their ideas with scientific conception can also assist in reducing 
student tensions when encountering challenging ideas (Kazempour and Amirshokoohi, 
2009).  
Overcoming Barriers to Understanding Evolution  
Be it cultural differences or religious opposition, the purpose for an educator is 
not to indoctrinate but rather to facilitate the students in understanding what the evidence 
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is for various scientific theories, what the evidence means and how it supports the current 
explanation in a way that is more complete than other possible explanations for that same 
data. It is therefore necessary to acknowledge that students arrive in the classroom with 
unique perspectives and that, according to cultural change research, it is the educator who 
possesses the opportunity to invite the students to consider what alternative perspectives 
may exist and to think deeply about what the data presented indicate (Sinatra et al., 
2008).  
Once an educator understands what a learner knows, Jegede and Aikenhead 
(1999) suggested attempting to connect students’ experiences, such as antibiotic resistant 
bacteria, to assist in creating common ground for the students as they begin the process of 
conceptual change.  It has also been recommended that the teacher make a clear 
distinction to their students about the difference between teaching for acceptance and 
teaching for understanding (Donnelly and Kazempour, 2008, p.657; Aikenhead, 1996 p. 
29). Sinatra and Brem (2008) further added that to consider an alternative conception 
viable, the learner must first be presented with evidence that makes him/her dissatisfied 
with the way in which he/she has constructed knowledge. In order to do this, the evidence 
presented must be accessible to the learner; it must be “intelligible (easily understood), 
plausible (credible), and fruitful (useful for explaining other phenomena), drawing their 
criteria from studies of what causes scientific communities to adopt a new theory” (p. 
193). Disagreement need not make learning distasteful either. A common thread found by 
Donnelly and Kazempour (2008) was the “rejection of evolution and its evidentiary 





Evolution Misconceptions  
Understanding student misconceptions is vital to enhancing instructional 
practices. Numerous studies have been conducted in order to determine what students 
think about the concept of evolution, what they understand about the theory and what 
misconceptions they possess. Bishop and Anderson (1986) conducted one of the earliest 
studies that attempted to quantify misconceptions held by students. The research now has 
been expanded by several dozen studies, which have subsequently been assembled by 
Gregory (2009).  Though the sample size and demographic makeup of the student 
populations has varied between studies, there exists remarkably consistent 
misunderstandings of the data that support the tenants of the evolutionary theory. As 
noted by Gregory (2009), misconceptions are the rule and not the exception when dealing 
not only with the general public, but even with students who have had previous college 
level biology training.  
The most fundamentally misunderstood concept pertaining to evolution is the 
definition of the “theory.” In vernacular English, the words “theory”, “hypothesis,” 
“guess,” and “ideas” are often used interchangeably (Alters and Nelson, 2002; Bishop 
and Anderson, 1986; Cunningham and Wescott, 2009; Gregory, 2008; Gregory and Ellis, 
2009). However in a scientific context, these words are vastly different in terms of their 
implications and usage. Gould (1981) correctly asserted that “In the American 
vernacular, ‘theory’ often means ‘imperfect fact’—part of a hierarchy of confidence 
running downhill from fact to theory to hypothesis to guess” (p. 34). Gregory (2008) 
described the problem with this common usage is that theory is often looked upon by the 
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non-scientist as being a relatively unsupported guess; the word “theory” demonstrates a 
lack of support because it is not considered a “fact.” The U.S. National Academy of 
Sciences (2008) explained that a theory is “a comprehensive explanation of some aspect 
of nature that is supported by a vast body of evidence” (p. 11).  Establishing this initial 
understanding is essential in order for a student to grasp what is implied by the words 
“theory of evolution.” 
            A second prevalent misconception held by students is that adaptations are “needs 
based” (Alters and Anderson, 2002; Alters and Nelson, 2002; Bishop and Anderson, 
1986; Cunningham and Wescott, 2009; Gregory, 2008, 2009; Robbins and Roy, 2007) 
An organism “needs” a particular trait and thus acquires it or conversely no longer 
“needs” a trait and subsequently loses it.  A reason often cited is that the needs based 
development is more intuitive and accessible to students.  The student fails to recognize 
that genetic variants within a population survive or are removed from that population 
because of chance or environmental factors (Bishop and Anderson, 1986; Alters and 
Nelson, 2002). It is not uncommon for students to misunderstand that traits must exist in 
the population prior to being acted on by the environment to either enhance or diminish 
an organism’s success at survival and reproduction (Alters and Nelson, 2002, p. 1895) 
and that it is not the individual that changes, but rather the frequency of traits possessed 
by members of a population over time (Alters and Nelson, 2002).   
Students also struggle with the notion that only those traits that are coded in sex 
cells can be passed on to offspring. Somatic (body cells) do not contribute genetic 
material to successive generations, only gametes (Gregory, 2009). This is usually seen in 
tandem with a lack of understanding by the student that evolution does not occur in a 
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single organism, but in a population over large spans of geologic time, coupled with a 
lack of appreciation of the fact that variation arises from sexual reproduction, meiosis and 
genetic mutation (Bishop and Anderson, 1986; Cunningham and Wescott, 2009; 
Williams, 2009). Though sexual selection can be partially driven by preference, it will 
not change the entire suite of characteristics held in common between two successive 
generations of organisms. It should also be noted that there is some debate as to whether 
it is the population on which evolutionary forces act, or the genes within that population 
which ultimately facilitate the evolutionary process (Doolittle and Sapienza, 1980; Bar-
Yam, 2000). 
            The needs-based acquisition of traits perspective is often termed (though in some 
instances inaccurately) Lamarckian. One mechanism for change made famous by Charles 
Darwin is the concept of natural selection. One aspect of this mechanism proposes that 
there is differential survival amongst offspring within a species and there is a statically 
higher likelihood that those organisms possessing more favorable traits will survive long 
enough to pass those traits onto future generations.  Nonrandom survival and 
reproductive success are major driving factors for evolution that are not fully appreciated 
by many students (Bishop and Anderson, 1986).  
The success of an organism in passing on genetic material through reproduction is 
labeled “fitness” or “Darwinian fitness.”  Students struggle with separating the vernacular 
understanding of these words from their context and application in the study of 
evolutionary theory (Bishop and Anderson, 1986; Cunningham and Wescott, 2009). In 
the vernacular, “fitness” can mean relative health choices and exercise levels for an 
individual or group.  Students often self-define fitness to mean more physically capable 
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or “stronger,” a vernacular usage for this term, rather than a more technical Darwinian 
explanation such as “best suited to the environment” (Gregory, 2009). As previously 
mentioned, “fitness” also incorporates success at reproducing and the passing on of traits. 
Robbins and Roy (2007) found that initially none of their students who used fitness to 
describe a mechanism of natural selection understood that it pertained to reproduction (p 
461). Students also attached ideas of an ultimate direction of evolution to the concept of 
fitness, as if evolution were directed to the goal of producing an ultimate organism. They 
did not recognize that fitness also implies that if the environment changes, then the 
combination of traits that made an organism “fit” will likely change as well. (This is also 
known as the Red Queen Hypothesis.) Gregory (2009) pointed out that reproductive 
success and the fitness of an organism can only be considered in light of traits which 
already exist in the gene pool for a given population. It is not possible for that population 
to select for traits because they might bring some future advantage. Evolution is only 
hierarchical in the sense that complexity tends to increase over time, but some of the 
simplest organisms, e.g., single-celled bacteria, are also some of the most successful and 
persistent life forms on the planet even though they evolved early and are relatively 
simple in design. 
            One of the major mechanisms for generating variation, mutations, also provides a 
challenge for student comprehension of evolution (Bishop and Anderson, 1986). In 
addition to not recognizing that mutations are how new traits are often introduced into a 
population, students do not always recognize that the mutations are not goal oriented. 
They can be neutral, beneficial or harmful with respect to fitness (Gregory, 2009).  It is 
also often not recognized that the mutations only promote fitness if they can be passed on 
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reproductively. The frequency of these new traits is governed by their fitness in a 
population’s current environment. Mutation and natural selection must occur over long 
spans of time to count as evolution and students do not always appreciate the time scales 
necessary to enact speciation (Gregory, 2009). Students also fail to recognize that 
population size can have a large impact on evolutionary development because it alters the 
traits in the gene pool and thus less-fit traits may survive and even become the norm 
because of random chance in small isolated populations (Cunningham and Wescott, 
2009).  
Adaptation is another term that is also poorly served by having a counterpart in 
English vernacular. “Adaptation” is student-defined as a behavioral response by an 
individual or group (Bishop and Anderson, 1986; Robbins and Roy, 2007; Alters and 
Nelson, 2002; Pederson and Halldén, 1994). Students often think evolution results in an 
improvement to the organism or that there exists a “best” set of traits (Cunningham and 
Wescott, 2009). Adaptations occur as a population responds over geologic time to a 
relatively stable environment, while adaptations can take the form of a behavioral 
response, they can also encompass “physical, physiological, and behavioral features that 
contribute to survival and reproduction” (Gregory, 2009, p.161). Robbins and Roy (2007) 
noted that few college students, prior to new instruction, used adaptation to describe part 
of how natural selection functioned, and many of these used a Lamarckian explanation of 
an adaptation and its acquisition.  
Gregory and Ellis (2009) noted that students who progressed in their educational 
training and felt that they understood evolution with greater competency often displayed 
fewer misconceptions. However, even with previous instruction in undergraduate courses 
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in evolution, non-Darwinian answers were still prevalent. The authors proposed that the 
data suggest that traditional teaching methods grant students some level of understanding 
but do not engender a strong working knowledge of evolutionary theory that may be 
applied to novel situations.   
One possible reason for such poor retention and understanding of this theory may 
be the fact that one key element of evolutionary theory is often neglected in biology and 
life source courses at all levels (Nelson, 2008). The process of evolution does not happen 
to an organism over its lifetime, nor even the lifetimes of several hundred generations. 
The evolution of new species happens over the span of many thousand generations and 
often over hundreds of thousands to millions of years. This is significant because without 
an appreciation for the vast time scales involved, a student may fail to fully appreciate a 
core element that describes how evolution is able to function. Nelson (2008) was initially 
reluctant to devote much time to specifically talking about paleontological concepts and 
the fossil record in his biology class, but consistently found that students had little 
understanding of this topic, which was a substantial impediment to students’ acceptance 
of evolution.  
Geologic Time Misconceptions  
Decker, Summers, and Barrow (2007) noted that the overall space given to 
geologic time in high school biology text books had been declining over the last several 
decades of the 20th century. The researchers found that often geologic time had a single 
chapter or less devoted to it as a topic. They also reported that the way in which geologic 
time was portrayed and the depth of detail varied greatly between sources. Some texts 
covered biological occurrences in tables, while others used timelines. Those that used 
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tables often only included dates and most were not descriptive of evolutionary features. 
The time lines tended to cover biological and geological features in more detail.   The 
texts also focused primarily on the Phanerozoic Eon and deemphasized most of the Earth 
history by simply labeling earlier times as “Precambrian,” even though this stretch of 
time covers most of the Earth’s history. Those texts that used timelines also did not scale 
them accurately, representing the “Precambrian” as much smaller than proportionally it 
should have been. Decker et al. (2007) noted that often the language used to describe 
benchmark events was imprecise (such as “about 2 billion years ago”). The way in which 
the information is presented can be misleading and directly correlated to some of the 
misconceptions those students have concerning geologic time, such as the fact that the 
Phanerozoic occupies approximately 1/10 of geologic time but is often graphically 
represented in time lines as occupying a much larger portion of Earth history (Decker et 
al. 2007; Dodick and Orion, 2003b; Libarkin et al., 2007).   
Cotner et al. (2010) found “learning about deep time is a conceptual change for 
most students, whereby instructors must realize the real barrier that Earth’s age presents 
to student understanding of evolution” (p.862).  McPhee used the phrase “deep time” to 
refer to the immense amount of time represented on a geologic time scale. He stated, 
“Numbers do not seem to work well with regard to deep time. Any number above a 
couple of thousand years—fifty thousand, fifty million— will with nearly equal effect 
awe the imagination to the point of paralysis” (McPhee, 1982, p. 20).  
Stephan J. Gould (1987) added the following: 
Deep time is so alien that we can really only comprehend it as 
metaphor. And so we do in all our pedagogy. We tout the geological mile 
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(with human history occupying the last few inches)… How then did 
students of the Earth make this cardinal transition from thousands to 
billions? No issue can be more important in our quest to understand the 
history of geological thought. (p.3) 
This “abstract” time scale makes it difficult for many students to appreciate the 
orders of magnitude that transpire between discrete evolutionary milestones which often 
then translate into misconceptions for those students, imposing real barriers on their 
ability to grasp concepts in the evolutionary theory. Dodick and Orion (2003b) found that 
students were challenged to think in accurate proportional scales and that overestimation 
often made geologic time an abstract concept to them. These researchers noted that an 
understanding of absolute age was often absent and students treated the information as a 
series of dates to memorize with no connection between the spans of time that occurred 
between named events. Lee, Liu, Price, and Kendall (2010) reported similar results in 
that students tend to have more success when estimating events that occur on human time 
scales, and they tend to overestimate very short periods of time and underestimate very 
great durations of time (p.15).  A common problem for students is that they tend to 
overestimate dates in geologic time (Dodick, 2007; Catley and Novick, 2009; Lee et al., 
2010).   Trend (2000) also found that “subjects (students) are more comfortable with 
relative time than with absolute time” (p.200). These findings were consistent with the 
pattern, seen in Clary, Brzuszek, and Wandersee (2009), that determined some students 
inappropriately proportion events in relative geologic time in terms of the actual distance 
in time between these occurrences, although students tended to place many events in the 
correct relative order.   
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As with the study of evolution, students possess many misconceptions pertaining 
to geologic time. The exact age of the Earth is commonly misunderstood by students 
(Decker et al. 2007; Dodick and Orion, 2003b; Libarken and Anderson, 2005; Libarkin et 
al., 2007; Catley and Novivk, 2008).  Several areas that consistently present a challenge 
to student learning are absolute age dating, correctly placing events on a geologic time 
scale continuum, and scaling the Earth’s history in an accurate manner (Libarken and 
Anderson, 2005). Ages for the formation of the Earth range from several thousand years 
(this view is held most commonly by creationists) to millions and billions of years 
(Libarkin et al., 2007). Though many students acknowledge the Earth as “old,” specific 
dates are challenging for students to both literally know and conceptually understand. 
The relative thickness of various layers in the Earth do not necessarily correlate to the 
amount of time that passed forming those layers, and Dodick and Orion (2003a) found 
that students often struggle with understanding that. Students also confuse when the Big 
Bang occurred in relation to the formation of the sun and planet Earth (Trend, 2002).  
Another misconception held by some students is when certain organisms appear, 
are extant and then go extinct. The most common example of this is the misconception 
that dinosaurs and humans coexisted or that humans existed early in geologic time 
(Libarkin et al., 2007; Libarkin et al., 2005). Other examples of misconceptions exist 
such as the appearance of the first life, development of multicellular organisms, the 
Cambrian explosion, and appearance of modern humans (Catley and Novick, 2008; 
Dodick, 2007). Students also struggle with appreciating the large amount of time that 
passed between the appearance of single-celled organisms and more complex life such as 
dinosaurs (Libarkin et al., 2007; Clary and Wandersee, 2007). Libarkin et al. (2007) 
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found that 31% of the students surveyed in their study also believed that single-celled life 
existed on the Earth when it was formed. Clary and Wandersee (2007) also had similar 
findings.  Very few students are aware of major extinction events and frequently do not 
note them (Trend, 2002, p.8). Pulling  (2001) noticed that middle school students tended 
to construct their understanding of geologic time by focusing on a single segment of it 
(dinosaurs) which formed the core of their understanding about geologic time, and that 
33% of these students were found to have  “critical misconceptions about dinosaurs” 
(p.172).  Libarkin et al. (2007) noted that although students could often place major 
events in geologic time in relatively the correct order “very few students created 
timelines that were similar to the scientifically accepted one, indicating that the relative 
spacing of events by students is non-scientific.” (p. 419)  
Difficulty with understanding geologic time does not just pertain to students.  The 
students’ misconceptions may arise from those who teach them. Cotner et al. (2007) 
stated that their research suggested “deep time is conceptually difficult to grasp, for the 
general public, science educators, and students throughout the educational spectrum” 
(p.861). When examining misconceptions of K-12 teachers, Dahl et al. (2005) found that 
66% of in-service teachers thought that one-celled organisms were present when the 
Earth first formed and only 14% of in-service teachers could identify the correct method 
for determining the age of the Earth. When given a series of major geological events and 
dates, many educators were unable to place the events in the correct order, with some 
displaying some level of discomfort and anxiety during the activity. Primary and 
preservice teachers also had difficulty identifying the relative order of the sun’s formation 
and the Big Bang; some educators thought the sun formed prior to the Big Bang (Trend, 
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2002).  Trend (2002) also noted that primary teachers are much more comfortable with 
relating historical time rather than geological time (p.7).  Dahl et al. brought up the 
concern that these educators are responsible for teaching science in their classrooms and 
must be aware of what misconceptions they possess so that these are not accidentally 
transmitted to their pupils; weak science programs often stem from the teachers’ lack of 
knowledge rather than the tools used to instruct.  
A final important geoscience content area in which students hold misconceptions 
is about the mechanism and functioning of plate tectonics. Life on the Earth changes as a 
direct result of the environments in which those organisms exist. The nature of the 
dynamic Earth (the only known planet with active plate tectonics) continually causes the 
surface configuration, and the amount and position of exposed land mass to vary over 
time.  This produces substantial changes in the environments of organisms over geologic 
time and is one factor that produces persistent and strong selection pressure contributing 
to the evolution of life. Libarken et al. (2005, 2007) found that students had difficulty 
understanding the Earth’s plates and how phenomena such as earthquakes and volcanoes 
related to them.  Students also had misconceptions concerning the internal layers of the 
Earth (Libarkin et al., 2005). Students frequently used the correct scientific names but in 
a way that indicated a lack of depth in their understanding; they often confused or did not 
differentiate between structural and compositional layers of the planet. The authors found 
these results were consistent with previous work conducted. 
Geologic Time as a Threshold Concept 
Trend (2002, 2009) described geologic (deep time) as a threshold concept.  A 
threshold concept is a core unit of knowledge which enables the learner to unpack other 
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concepts because of its pervasive importance in fundamental thought construction.  These 
concepts are essential because they enable a student to access difficult information and 
concepts that occupy otherwise discrete areas of knowledge.  Trend (2005, 2009) also 
described deep time as a portal concept; a gateway to other areas of knowledge in 
geoscience and evolutionary biology. 
            Though poorly studied in the literature, geologic time may prove a boon to the 
study of evolution.   McPhee (1982) reminded his readers that the most important 
information to convey to non-geologists is that huge effects in the geologic record occur 
at very slow rates on a human time scale, typically at only centimeters over the course of 
a year. McPhee emphasized that a person only begins to turn his or her mind to a 
planetary developmental timescale when he or she considers rapid events as occurring 
over the span of millions of years. Libarkin et al. (2005) noted that evolution is often 
taught in the absence of any substantial instruction in geologic time. Nothing in evolution 
is possible without vast spans of time being present. Indeed this originally was and still is 
one of the prevalent arguments against evolution. Creationists often point to a young 
Earth concept that would by itself debunk evolution (Meadows et al., 2000; Libarkin, 
2007, Cotner et al. 2010).  The scientific data suggest otherwise, however.  Much of the 
data pertaining to the biotic world describes numerous instances of species arising, 
existing for a period of time, and then disappearing from the fossil record.  This change in 
extant life over vast time scales is evolution in action.  
  Evolution, in a broad sense, is composed of two major elements of natural 
selection facilitated change: microevolution and macroevolution. Microevolution refers 
to short term changes in allelic frequency in a population, whereas macroevolution 
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describes long term changes in the genetic makeup of a species or even the event of 
speciation itself. It is microevolution, however, that is often focused upon in the biology 
curriculum (Dodick and Orion, 2003b; Catley and Novick, 2009).  Dodick and Orion 
(2003b) commented that “one of the difficulties with teaching evolution is that because it 
often focuses on abstract processes such as mutation, the student is often unable to 
believe and thus accept the possibility of evolution.”( p.186). However it is the context of 
macroevolution that changes in allelic frequency essentially gains a state of relative 
permanency as species diverge and gain an irrevocably independent status. This area is 
often ignored in biology instruction, possibly because of the religious confrontation that 
often accompanies a view of the old Earth model.  Even though this difficulty may exist 
in some communities, it is none the less important to include a deep time perspective, for 
it is only over vast spans of time that life is irrevocably altered into new and persistent 
forms (Dodick, 2007). This gradual progression of life can only be truly seen on geologic 
time scales (Dodick, 2007; Alters and Nelson, 2002). This process of change can be 
established in a concrete manner by way of exploring the fossil record (Dodick and Orion 
2003b; Dodick, 2007; Catley and Novick, 2009; Trend, 2001). Pulling (2001) argued 
“geologic time is a logical precursor to the students’ understanding of evolutionary 
concepts and therefore, a necessary concept in the middle school science curriculum” 
(p.172). 
  In an integrated educational curriculum, Dodick and Orion (2003b) found that 
using the fossil record in combination with genetic mechanisms assisted students in 
understanding evolution. Catley (2006) argued convincingly that there is a clear need to 
include both the macro- and microevolutionary perspective in order to provide a complete 
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and clear picture of the evolutionary process.  He cited that microevolution is almost 
exclusively utilized when evolution is taught. Macroevolution reveals a “big picture” 
relationship that is only possible with the inclusion of deep time concepts into the 
evolutionary curriculum. Not to include macroevolutionary events can result in students’ 
misconceptions and poor understanding. Catley (2006) lamented that microevolutionary 
mechanisms are often emphasized, or taught in the absence of macroevolutionary 
concepts, to the detriment of students and educators. Catley claimed that this narrow 
focus inhibits a comprehensive and accurate understanding of evolutionary theory leaving 
the learner with “virtually no understanding at all of the history of life on our planet” (p. 
768). It is by the holistic inclusion of deep time concepts imbedded into the instruction of 
evolutionary theory that students can construct an inclusive mental framework which 
accurately describes the development and progression of life on the planet. An added 
benefit is that students appear to be less hostile toward evidence that comes from the 
study of geologic time as opposed to other lines of evolutionary evidence. Donnelly and 
Kazempour (2008) found that “students were most accepting of scientists’ support of 
evolution and geologic time and least accepting of evidence, scientific validity, 
organismal evolution, and human evolution” (p. 649). Nehm and Schonfeld (2008) also 
reported that although pedagogical strategies and the curricular framework used to teach 
natural selection may differentially impact the correcting of misconceptions amongst 
diverse populations of students, it appeared that ethnic, racial and /or class boundaries 






Learning Theory and Instructional Practice 
            Constructivism describes learning as a student-centered activity (Travis and Lord, 
2004; Syh-Jong, 2007; Yuen and Hau, 2006). This model proposes that the more 
traditional teacher-centered mode of instruction may not be the most effective means by 
which to transfer information to students. Constructivism sacrifices the breadth of content 
covered for a greater retention of information amongst students (Yuen and Hau, 2006). 
This greater level of retention is often attributed to students actively participating in their 
learning and thus integrating content in a way that establishes personal connections 
between pupils and content (Travis and Lord, 2004; Yuen and Hau, 2006).The teacher in 
a constructivist classroom takes the role of a coordinator rather than the center of 
learning, and plans and facilitates appropriate lessons where the work during class is 
primarily carried out by students. Students in constructivist classrooms are confronted 
with their own understandings of scientific topics early in the learning process. The 
student is then guided through a series of lessons which the students must juxtapose with 
their understanding about the nature of a scientific concept and see if their initial idea 
holds up to scrutiny or in the light of new evidence must give way to a more scientifically 
accurate understanding. The focus of constructivistic learning is a deep and rich 
understanding and internalization of scientific principles and concepts rather than the 
memorization of definitions and explanations. 
Experiences such as science lab work or peer instruction are common means of 
accomplishing this task. The result is a personal investment made by the student and a 
higher level of motivated involvement in what is being taught in addition to a greater 
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frequency of activating prior knowledge and incorporating it into newer experiences 
(Yuen and Hau, 2006). This does not mean that more traditional activities, such as 
lecture, never occur in a constructivist classroom. However, they are not the primary 
mode of instruction, and when lecture does occur it often involves soliciting student 
responses to enhance topics for future discussion.  
Concept Inventories 
In order to improve educational practices it is essential to be aware of the 
misconceptions of students. One effective method to do this involves concept inventories.  
Initially, much of the research was conducted in the field of physics, but over the past two 
decades inventories have been developed in other sciences. Concept inventories are 
assessments given to students in order to evaluate their misconceptions about scientific 
content and to perceive how a person understands a given subject. Concept inventories 
can take the physical form of open response questions about core science concepts in a 
particular branch of science, or multiple-choice distractor-driven tests. Cunningham and 
Wescott (2009) recommended the use of a formative assessment tool to determine what 
misconceptions are held by an instructor’s student population as well as what 
scientifically valid concepts are prevalent (p. 514).  
  The purpose of a concept inventory is to formatively determine how students 
conceive of scientific phenomena and then to provide scientific evidence that forces a 
student to confront his or her understanding so that a conceptual change may take place 
(McConnell et al., 2006; Libarken, 2008). Sadler (1998) found, through oral interviews, 
that students did not simply get rid of misconceptions because they had been instructed 
about scientifically valid alternatives (p. 272). Sadler (1998) also noted that constructing 
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scientific understanding is slow, often necessitating more than one year of study in order 
to correct misconceptions (p. 285).  As reported by Cunningham and Wescott (2009), in 
order to acquire a scientifically accurate understanding of various phenomena through 
conceptual change, a student must first recognize and then reject his or her preexisting 
conceptions in light of new information acquired in the classroom. Cunningham and 
Wescott (2009) cautioned that if the student is not provided an opportunity and 
motivation to discard his or her previous framework of knowledge, he or she will often 
revert back to his or her previous misconceptions once the science course is completed.  
  If a concept inventory is used as a formative and summative tool, an educator can 
better evaluate his or her own performance and that of students in developing 
scientifically valid understanding of various phenomena. Tools such as short written 
response questions and concept mapping can additionally be used midstream by the 
educator to assess the progress of students in forming a valid basis for scientific 
knowledge (D’Avanzo, 2008; Libarken, 2001; Johnson and Reynolds, 2005; Davies, 
2010; James and Clark, 2004; Liu, 2002).  
  Many of the later concept inventories that were developed are multiple-choice 
(Libarken and Anderson, 2005; Libarkin, 2008; McConnell et al., 2006; Anderson et al., 
2002) while earlier inventories are primarily in an open response format (Bishop and 
Anderson, 1986; Dodick and Orion, 2002). There has been some disagreement in the 
literature as to which method is more effective at assessing a student’s understanding of 
scientific concepts (Nehm and Schonfeld, 2007; Anderson et al., 2009). The 
disagreement essentially stems from whether or not the multiple-choice tests are as 
capable as oral interviews or open response for determining the conceptual understanding 
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of students and have equal validity for measuring the same kinds of knowledge (Nehm 
and Reilly, 2007; Nehm and Schonfeld, 2007).   
A concept inventory is not quickly or easily developed. Richardson (2005) 
succinctly summarized the steps necessary to create a multiple-choice concept inventory 
and explained that it is a collaborative activity between a team of professionals with 
subject expertise. The concept inventory requires several years of teaching and 
assessment in order to produce and refine an effective inventory for examining student 
misconceptions. Unlike a traditional multiple-choice test where the incorrect answers are 
determined in a somewhat arbitrary manor, the concept inventory has distractor answers 
that are all research-based on the past misconceptions held by students.  It should also be 
noted concept inventories are created initially from short responses and oral interviews, 
and the results are then translated into the distractor responses. The distractors are 
constructed in such a way to provide the instructor insight into the students’ way of 
thinking about scientific concepts (Libarkin, 2001; Sadler, 1998; Ingram and Nelson, 
2006).  D’Avanzo (2008) described incorrect answers (distractors) as diagnostic of a 
specific level of misconception about a topic.  D’Avanzo (2008) emphasized that these 
distractors are written in the students’ own words and are based on comprehensive 
research. It is for these reasons D’Avanzo claimed that distractors reveal the actual level 
of student understanding. The process of creating the answer requires re-administering 
open ended response tests to illicit student understandings over a period of years in order 
identify major misconceptions. Reliability is determined by statistical analysis and 
constant refinement is necessary during the inventory creation process.   
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Research also supports the validity and effectiveness of a multiple-choice 
measurement if it is properly constructed (Sadler, 1998; Kuechler and Simkin, 2003; 
Ingram and Nelson, 2006; Libarken, 2008). The inclusion of research-based distractors 
allows a multiple-choice test to function both as a qualitative and quantitative tool, 
providing an educator with an assessment to effectively gauge conceptual change (Sadler, 
1998, p. 265). Wilson et al. (2006) saw that “interviews revealed the same patterns as we 
saw in the students’ responses to both the open-ended and multiple-choice items” (p. 
328). One important benefit gained from multiple-choice tests is increased objectivity and 
consistency in the grading of these types of exams (Nehm and Schonfeld, 2007; Kuechler 
and Simkin, 2003; Sadler, 1998). Sadler (1998) also noted that multiple-choice tests can 
be highly correlated with greater reliability (p. 268). As secondary benefit, Kuechler and 
Simkin (2003) found that students often prefer multiple-choice tests to constructed 
response and essay tests.  McConnell et al. (2006) reported that the majority of students 
involved in their study perceived that concept tests favorably assisted their learning (p. 
66).  It is also much easier to efficiently score a large sample size when multiple-choice 
tests are used in place of other examination types. Sadler (1998) and Anderson et al. 
(2002) noted that one major shortcoming to short answer response or oral interview 
assessment is often a small sample size used in the study because data collection requires 
a significant investment of time to administer and analyze. 
Student Tools and Practices for Knowledge Construction  
Effective instruction requires the support of tools that facilitate student 
understanding as well as providing the educator a means by which to recognize how 
students construct knowledge. Concept sketches (concept maps) are an effective medium 
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that provide an opportunity to view ontological and conceptual change in a physical 
document (Alters and Nelson, 2002; Balgopal and Wallace, 2009; Clark and James, 
2004; Clary et al., 2009; Davies, 2010; Liu, 2002; Johnson and Reynolds,2005; Libarken, 
2001, 2006, 2008).   
Concept Mapping 
Concept maps create a window into the mind of the student that allows the 
researcher to see the linkages between discrete bodies of content and what attributes 
facilitate those connections. Johnson and Reynolds (2005) advocated that concept maps 
are an efficient means to effectively note misconceptions as content is being taught. Clark 
and James (2004) reported that when teaching complex topics such as structural geology, 
concept maps greatly enhanced their students’ understanding when compared to students 
the researchers had taught in previous years. Liu (2002) cautioned researchers not to treat 
a concept map as a static document and that clusters of links should be taken into account 
over individual links when ascertaining a student’s construction of knowledge. Lui 
(2002) reported that as students move through the process of conceptual change, they will 
necessarily modify, add, and remove links, altering the basic framework of their concepts 
maps. This process of modification visually represents a fundamental alteration of the 
construction of knowledge as student understanding increases. 
Two-column Notes 
The method by which students take notes in class has also been shown to have an 
impact on conceptual change (Aikenhead, 2006, 2010; Donnelly et al., 2009; Rivard and 
Straw, 2000; Syh-Jong, 2007). Journaling in a two-column note format (also called a T-
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chart) is a process by which students record data and notes in one column and the 
interpretations and connection of the information they have gained in the second column. 
Syh-Jong (2007) supported this method because he acknowledged that learning is 
partially facilitated by writing prior to discussion. Writing and committing to an 
interpretation of data “empowered (a student) to think actively about a topic, making 
connections and developing new insights” which enriched later small group discussions 
in Syh-Jong’s classes (Syh-Jong, 2007, p. 71). Taking notes in this manor allows the 
student not only to record information, but turns a passive learning activity into a more 
active means to develop understanding. 
Peer Teaching  
  Peer teaching and discussion use content that students have acquired 
independently to enable meaningful peer interactions by providing a context for 
discussion and debate. Research has consistently shown that peer instruction not only 
enhances overall knowledge acquisition but that it is an important tool for enabling 
conceptual change (Anderson et al., 2002; Barrall and Axelrod, 1978; Baumgartner and 
Duncan, 2009; Crouch and Mazur, 2001; Dodick and Orion, 2003b; Falchikov and 
Goldfinch, 2000; Ingram and Nelson, 2006; Kelly, 2004; Marrs and Novak, 2004; 
McConnell et al, 2006; Ramaswamy, et al., 2001; Rivard and Straw, 2000; Syh-Jong, 
2007; Travis and Lord, 2004; Yuen and Hau, 2006). The size of peer discussion groups 
vary by study but typically two to six students participate as a peer grouping.  Rivard and 
Straw (2000) noted a significant difference in the learning outcomes of students in a peer 
group setting, and reported that the most important processes facilitating this change 
appeared to be asking questions, hypothesizing, and cooperatively developing ideas and 
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explanations (p. 580). Two useful outcomes from peer interaction for students were the 
distribution and consolidation of knowledge (Rivard and Straw, 2000).  Syh-Jong (2007) 
noted that peer discussion also enabled students to be more explicit and implicit when 
they wrote (p. 78). Ramaswamy et al. (2001) and Crouch and Mazur (2001) reported that 
a greater depth of knowledge was achieved by students involved in peer teaching 
compared to students of prior classes who were not.  Though it has been noted that 
students can become frustrated when working within groups containing less motivated 
peers (Barrall and Axelrod, 1978; Ramaswamy, et al., 2001; Travis and Lord, 2004), this 
stress has not been shown to have negated the enhanced learning possible with peer 
instruction. 
Peer interaction can also be facilitated though the use of student response systems 
(also called “clickers”). These are electronic devices allow students to “vote” on 
responses or type in short phrases and equations which are then tabulated and displayed 
as part of a live discussion or interactive lecture. This technology enhances student 
involvement and understanding during large group activities that are normally passive 
and less effective for knowledge transmission (Barnes, 2008; Caldwell, 2007; Knight and 
Wood, 2005). Students reported preferring this technology to traditional lecture (Barnes, 
2008; Caldwell, 2007). Students are also commonly asked to discuss answers amongst 
themselves, or in specific small groups, prior to responding, and they are sometimes 
asked to discuss any interesting trends in the data once received responses are tabulated. 
This method can limit the total amount of content covered when compared to a more 
traditional lecture, but student learning appears to be greater with this technology 
(Caldwell, 2007; Knight and Wood, 2005). Knight and Wood (2005) noted that students 
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in classes that utilized clickers were more actively engaged and that clickers facilitated 






The Snoqualmie Valley 
This study took place at Mount Si high school in the Snoqualmie Valley School 
District of Washington State. Snoqualmie Valley is a relatively rural school district that 
was founded to serve a logging community. The community makeup did not change 
substantially until the past two decades of new construction, which saw dozens of upscale 
homes built in the undeveloped regions of the Snoqualmie Valley. This new construction 
spurred an influx of affluent families that originally inhabited more affluent cities closer 
to the coast, altering the demographic makeup of the community to a more suburban 
middleclass.   
Mt. Si high school is the only high school serving this community. According to 
the Washington State Office of Superintendent of Public Instruction’s most recent data 
(Washington State Office of Superintendent of Public Instruction, 2011), the Snoqualmie 
Valley school district serves a sparsely populated region of several hundred square miles, 
and primarily receives its student body from the nearby cities of North Bend, Fall City 
and Snoqualmie, as well as more distant rural outlying regions. Approximately sixteen 
hundred students attend Mt. Si, of which ninety percent can be characterized as 
Caucasian  (non-Hispanic). Three percent of the school is of Asian ancestry, four 
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percent is Hispanic, one percent is African American, and the remaining two percent 
include Pacific Islander, and Native American. Approximately ten percent of students at 
the school qualified for free and reduced lunch in 2010, which is used as a representative 
characteristic in Washington State to measure the percentage of students that come from 
low income families. Mt. Si high school also had an eighty-seven percent on-time 
graduation rate and has an annual dropout rate of less than two percent. 
Prior Student Knowledge 
Prior to taking biology, students have completed a year of earth science and 
passed with a “C-” or better. (This is a prerequisite for taking biology.) In earth science, 
students studied topics such as rocks, minerals, mapping, plate tectonics, the composition 
and structure of the earth, the magnetosphere, volcanoes, weathering and erosion, 
earthquakes. They would have had an introduction into chemistry. Students would not 
have received explicit instruction on geologic time concepts. This partially arises from 
the student’s developmental level upon reaching ninth grade, as well as the strong 
conservative element present in the district that has, on occasion, had issue with the 
teaching of geologic time concepts.     
Treatment groups 
This study took place in the fourth quarter of the school year. All units completed 
by both treatment and control participants were identical up to the beginning of the study. 
The treatment group completed a unit on geologic time prior to entering into the 





Students who were part of the control group in this study participated in the same 
evolution unit as the treatment group, and this unit was taught concurrently with 
treatment group classes. Control group students did not participate in a geologic time unit 
prior to participating in the evolution unit. Instead, they completed an extended study 
relating to a previous unit on ecology discussed later in this section. 
Sampling 
The sample group (for the 2010-2011 school year) consisted of students enrolled 
in biology courses at the Mt. Si high school. Biology is normally taken in a student’s 
sophomore year (tenth grade).  Three-hundred and seventeen students were enrolled into 
one of ten sections of biology. 56% of students taking biology in the 2010-2011 school 
year are female and 44% are male. Each section of biology has a male to female ratio that 
is similar to the overall male to female ratio. Each section of biology contained 24-34 
students Biology students were taught how to use the active response systems (clickers), 
concept maps, two-column notes, and how to participate in peer group discussion during 
the school year, prior to this study.  
Students (N=214) participated as intact classes in one of ten randomly assigned 
educational groups involving three teachers, with 121 female and 93 male students. The 
total number of all control group participants (or traditional teaching method) was 112, 
and the total number of all treatment group participants (or new teaching method groups 
which included instruction in geologic time principles) was 102. 
Three teachers teach the ten sections of biology. In this study, half of each 
teacher’s sections functioned as the treatment group and the other half functioned as the 
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control. Each teacher used the same activities, in the same sequence, and with identical 
evaluation methods. The concept inventories used were in a multiple-choice format to 
eliminate teacher bias in his/her assessment.  
            Mt. Si high school has a six period day, with each period lasting 55 minutes, 
except on Friday where periods are 35-40 minutes.  The researcher taught two periods of 
biology and two other teachers each taught four sections of biology.  These periods are 
randomized as much as possible to eliminate bias as a result of the time of day in which 
the material was taught. The researcher taught first period as a treatment group and 
second period a control. The second teacher taught third and fifth periods as treatment 
groups and fourth and sixth periods as controls, while the third teacher taught third and 
fifth periods as controls and fourth and sixth periods as treatment groups. Overall five 
sections of biology served as treatment groups and five sections acted as control groups 
in this investigation (table 1).   
Table 1 Distribution of Teacher and Student Groups 
 
Teacher 1   Teacher 2   Teacher 3   





1 (treatment) 1 2 (treatment) 3 3 (treatment) 4 
6 (control) 2 8 (control) 4 7 (control) 3 
    4 (treatment) 5 5 (treatment) 6 
    10 (control) 6 9 (control) 5 
 
All concept inventories and activities were submitted to Mississippi State 
University IRB board and approved prior to the study being conducted. Additionally, all 
parents of students from whom data were collected received notification of the research, 
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and had the option for non-participation with his/her child’s data.  The Mt. Si 
superintendent and principal, and all biology instructors, agreed to participate in this 
research investigation. 
Class Structure of Evolution/Geologic Time Unit 
  The control sections did not receive instruction in geologic time prior to covering 
the evolution unit. They completed the evolution unit without additional emphasis on 
deep time concepts. During the treatment groups’ geologic time instruction, the control 
groups completed a multi-week enrichment unit on local resources that correlated to the 
previously covered unit on ecology.  
  The treatment group began the study unit by covering major concepts related to 
geologic time in an inquiry-based format prior to beginning the unit on evolution. 
Activities within the geologic time unit correlated and extended concepts in the evolution 
unit. The topics covered include relative age dating, major events in absolute geologic 
time (both biotic and abiotic), radioactive isotope age dating, and student application in 
scaling large time distances.   
  The evolution unit was five weeks in duration for the treatment group. Week one 
and two focused on geologic time concepts. Week three acted as a bridging week that 
worked to transition from a geologic time focus to an evolution focus. Weeks four and 
five focused primarily on evolution. For the purposes of this research, the control group 
only participated in the activities of weeks three, four and five. Table 2 provides an 




Table 2 Overview of Activities for the 5 Week Geologic Time and Evolution Unit 
Week 
ay 
Participating  groups Activity 
1 1,2,3,4,5,6,7,8,9,10 The Student Concept Inventory was 
administered. (See Appendix B for 
Concept Inventory).  
   
1 1,2,3,4,5 Students completed the “Rock 
Correlation” lab activity.  
   
1 1,2,3,4,5 The students used dice and licorice 
division to simulate half-lives and 
developed radioactive decay curves.  
Students read a United States Geologic 
Survey document about radioactive 
dating.  
   
1 1,2,3,4,5 Instructors reviewed relative and absolute 
dating.  
   
1 1,2,3,4,5 Students were introduced to the geologic 
time scale using an estimation activity in 
which they placed biological and abiotic 
events from the geologic time scale on 
ticker tape.  
Week 
ay 
Participating  groups Activity 
2 1,2,3,4,5 Pop quiz on geologic time concepts. The 
remainder of the period was an 
opportunity for students complete article 
readings from earlier in the week or to 
receive assistance.   
   
2 1,2,3,4,5 Students began the activity, “A Tour of 
Geologic Time” brochure activity.   
 
2 1,2,3,4,5 Students completed their individual 
portions of the activity, “A tour of 
Geologic Time”.  
   
2 1,2,3,4,5 Lab partners exchanged content and 
completed their notes for “A tour of 
Geologic Time”.  
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Participating  groups Activity 
2 
0 
1,2,3,4,5,6,7,8,9,10 Students completed “The Evolution of 
Whale Ankles over Geologic time” 
(Flammer, 2007).Homework reading: 
“How Whales have Changed over 35 
Million Years” (University of California, 
2010) and “Whales Used Well Developed 
Back Legs For Swimming, Fossils Show” 




Participating  groups Activity 
3 
1 
1,2,3,4,5,6,7,8,9,10 Students viewed the NOVA film “Great 




1,2,3,4,5,6,7,8,9,10 Students completed “What did T. Rex 
Taste Like?” (University of California 
Museum of Paleontology, 2007). 
Homework reading: “Australian Fossil 
Unlocks Secrets to the Origin of Whales” 




1,2,3,4,5,6,7,8,9,10 Students used genetic data to evaluate the 
relatedness of the modern whale to other 
extant mammals (Foglia and Brown, 
2009). Homework reading: “First Genetic 
Evidence for Loss of Teeth in the 
Common Ancestor of Baleen Whales” 





1,2,3,4,5,6,7,8,9,10 Pop quiz on evolution concepts. The 
remainder of the period was an 
opportunity for students to complete 
article readings from earlier in the week or 
to receive assistance.   
3 
5 
1,2,3,4,5,6,7,8,9,10 Students started the lab “Island 
Biogeography and Evolution activity: 
Solving a Phylogenetic Puzzle using 























1,2,3,4,5,6,7,8,9,10 Students completed activities “Flashy 
Fish” and “Evodots”. Homework reading 
concerned selection pressures compiled 
from Campbell et al., 2004. 
   
4 
8 
1,2,3,4,5,6,7,8,9,10 Students viewed the NOVA film “Why 
Sex” (NOVA, 2001).  
   
4 
9 





1,2,3,4,5,6,7,8,9,10 Students completed a simulation about 
coevolution through an activity involving 
playing cards (Tatina, 2007). Homework 
readings: The Puzzle of Biological 
Diversity” (National Institute for 
Mathematical and Biological Synthesis 
(NIMBioS) 2010) and “New Bird Species 
Found In Idaho, Demonstrates Co-
evolutionary Arms Race”(University of 
Chicago Press Journals, 2007).  
Week 
ay 
Participating  groups Activity 
5 
1 
1,2,3,4,5,6,7,8,9,10 Students begin the “Clamis Sweetis” lab. 
This activity provided students with an 
opportunity to examine how morphology 
impacts natural selection over a series of 
generations. 
   
5 
2 
1,2,3,4,5,6,7,8,9,10 Students completed the “Clamis Sweetis” 
lab 
   
5 
3 
1,2,3,4,5,6,7,8,9,10 Students began the punctuated equilibrium 
and phyletic gradualism lab. Homework 
reading: "Concepts of Phyletic 
Gradualism and Punctuated Equilibrium" 
(McComas and Alters, 1994). Students 










Participating  groups Activity
5 
4 
1,2,3,4,5,6,7,8,9,10 Students finished the punctuated 
equilibrium and phyletic gradualism lab.  
5 
5 
1,2,3,4,5,6,7,8,9,10 Students viewed the NOVA film 
“Extinction” (NOVA, 2001). 
 
   
Week 
ay 
Participating  groups Activity
6 
6 
1,2,3,4,5,6,7,8,9,10 Students participated in an activity using 
“Inquiry Cubes” (Working Group on 
Teaching Evolution, 1998).  
   
6 
7 
1,2,3,4,5,6,7,8,9,10 The Student post-test Concept Inventory 
was administered as a post-test. (See 




1,2,3,4,5,6,7,8,9,10 This was a review day for all classes in 
preparation for the unit test the next day. 
Note: Two-column notes and concept maps are checked weekly by each group’s 
teacher. 
Common Practices  
Each night, students reflected in their journals.  This activity was completed in a 
two column note format where students wrote down an explanation of the topics covered 
that day in the left hand column, while in the right hand column they wrote questions, 
personal observations, connections between materials, how they understand what they are 
learning, and how their homework reading related to this topic. Students were given some 
freedom to alter this columned format as long as class notes were clearly separated from 
personal expressions of understanding, both elements were included in proximity to one 
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another, and students’ two column notes were similar to the previously discussed two 
column note template. 
Methods of Measuring Student Understanding 
In order to demonstrate whether or not misconceptions were initially present and 
later had been remediated, data were collected from several sources. A concept inventory 
was provided as the primary measure of misconceptions via a pre- and post-study 
(Appendix B).  Secondary sources of evidence that were used included student concept 
maps, two-column notes, student assignments, quizzes, and a unit test that was 
administered at the conclusion of the evolution unit. Concept maps and two-column notes 
were checked at the end of each school week. 
The concept inventory’s (CI) contents are described in more detail in the next 
section. The CI’s purpose was to determine the effectiveness of the integration of 
geologic time in the correction of evolution misconceptions. Therefore, the students’ 
initial conceptions were ascertained. The concept inventory was given to all students at 
the start of the study before students began the study coursework. An identical test was 
administered at the study’s conclusion. Students were not provided with the correct 
responses of the concept inventory, and specific examples that appear in the CI (such as 
the description of finches living on the Galapagos) were not directly discussed in the unit. 
This was to prevent “teaching to the test”. The goal of this adaption was the hope of 
generating more authentic student responses.  
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Concept Inventories Used in This Study 
             The first assessment provided a baseline of the students’ general knowledge of 
earth science and geologic time principles.  The test questions used for this portion of the 
test were compiled from the Geosciences Concepts Inventory (GCI) created from the 
research of Julie Libarken (Libarken and Kurdziel, 2001; Libarken and Anderson, 2005; 
Libarken, 2006; Libarken and Anderson, 2006;  Libarken et al., 2007; Libarken, 2008; 
Libarken and Ward, 2010). The GCI questions are a valid measure of geoscience 
knowledge that were developed over a multiyear period in conjunction with professors at 
several universities, and have been successfully tested at a number of institutions 
(Libarken, 2008).  Fourteen GCI questions were used to assess student geologic time 
concepts, and are presented in Appendix B as concept inventory questions 19-32.  
The latter portion of the test used questions developed by Anderson et al. (2002) 
from the Concept inventory of Natural Selection (CINS).  The items used in the CINS are 
based on actual studies of evolution. The CINS questions examine a student’s 
conceptions of biotic potential, carrying capacity, limited resources, limited survival, 
genetic variation, origin of variation, inheritance through genetics, differential survival, 
change in populations, and the origin of species.  This is a validated test that has 
demonstrated consistent results between test answer indicated misconceptions and oral 
interview of students (Anderson et al. 2002; Anderson et al., 2010). Twenty CINS 
questions were used to assess student misconceptions of evolution concepts. These are 
presented in Appendix B as concept inventory questions 33-52. 
For the purposes of this study, the geologic time and evolution questions were 
compiled into a single multiple-choice Concept Inventory (CI), with two open ended 
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response questions which asked the students to explain in their own words: “What is 
Evolution and what evidence is used to support this concept?” and “What is Geologic 
Time (Deep time) and what evidence is used to support this concept?” Student responses 
were used to establish both existing student misconceptions prior to the unit, and also to 
establish what changes in student misconceptions occurred at the unit’s conclusion. 
Student demographic information was also collected when the concept inventory was 
administered.  
Concept Maps (Sketches)  
Concept maps were required. They were completed by students to assist them in 
connecting areas of content as well as to illustrate to the teacher how students perceive 
relationships between discrete content items.  
Students initially constructed their concept maps after the first day of instruction 
for this unit and updated their concept maps on each subsequent day. Students in the 
treatment group also incorporated the geologic time segment that was previously 
completed in their concept map. At the beginning of each week, students were provided 
with a list of core concepts that they needed to explain and discuss based on the week’s 
activities (Figure 1). A before and after progression of concept map design is provided 




Figure 1 Student concept map from week 4 of the study produced by a student in the 
treatment group. 
Note: Each of the terms that appear in a circle was from the week 4 concept list. The 
terms that appear between the circled concepts are present to show how students connect 
these terms. Both treatment and control groups were provided with the same week 4 term 
list.  
Journaling (Two-Column Notes, or T-charts)  
All Students kept a two-column journal of notes (Figure 2). These are referred to 
as either two-column notes or T-charts in the literature. For the purposes of this study, 







Figure 2 Student two column notes from week 2 of the study.  
Note: This student has chosen placed the formal explanation on the right and 
questions/interpretations in the column (the opposite of what students were formally 
instructed to do). The student also chose to add a third column on the far left that 
identified the concepts being addressed. 
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Peer Teaching and Discussion 
Students worked in small groups when discussing information, conducting lab 
activities, or evaluating information. These groups varied in size depending on the 
requirements of individual activities. Teachers placed students in groups so that each 
group had a balance of higher- and lower-performing students.  The designation of 
higher- and lower-performing student was determined by prior performance in biology in 
that school year. Generally students in the “C”, “D”, or “F” grade range are paired with 
students in the “B” or “A” grade range. 
Student Response System (Clickers) 
The student response system (ActivExpressionTM, by Promethean) was used 
during brief direct instructional periods to facilitate greater students’ response and 
involvement as well as to provide an opportunity to assess students’ level of 
comprehension for the material discussed. These devices are used by all teachers in all 
classes any time that notes are taken.  
Statistical Analyses 
Paired sample t-tests, independent samples t-tests, and one sample t-tests were 
used to analyze the data collected from both the geologic time and evolution sections of 
the study’s concept inventory. Other data collected from concept maps, t-charts, and 
exams were only used to ensure consistency in class teaching methods for the purpose of 
this study. The concept inventory test given to students was presented as a single concept 
inventory; however, this test consists of three distinct portions: demographic information 
was collected from questions 1-18, geologic time questions were numbers 19-32 and 
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questions based on evolutionary theory consisted of numbers 33-52. For the purposes of 
this study, geologic time scores refer only to student performance on questions 19-32. 
Evolutionary theory scores refer only to student performance on questions 33-52. In this 
thesis, references to a geologic time test or evolution test refer to these subsets of the 
concept inventory. 
Statistical Tests Used in This Study 
A paired sample t-test (also known as a repeated measures design) compares the 
means of two groups that are normally distributed and related by a common element. It is 
applicable in this research study, because the same pre and posttest concept inventory are 
taken by the same students. In the research, a significance level (alpha) of 0.05 is 
used.  Results are determined to be statistically significant if there is less than a 5% 
chance that results are caused by random chance instead of treatment effect. 
An independent samples t-test compares the means of two unrelated groups that 
are normally distributed. It is applicable in this research study, because score 
comparisons are made between test scores for students in different groups. In the 
research, a significance level (alpha) of 0.05 is used.  Results are determined to be 
statistically significant if there is less than a 5% chance that results are caused by random 
chance instead of treatment effect. In this study, independent samples t-test were 
conducted in conjunction with Levene's Test for Equality of Variances, which uses an F 
value rather than a P value and measures whether two unrelated groups possess equal 
variance within their respective populations. In this research, a significance level (alpha) 
of 0.05 is used for Levene's Test for Equality of Variances. If a significance of greater 
than 0.05 exists for a pairing then the groups are considered to possess equal variance. If 
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a significance of less than or equal to 0.05 exists for a pairing then the groups are 
considered to not possess equal variance  and a different t value is used to assess 
whether a significant difference (α=0.05) exists between the two compared groups test 
scores. 
A one sample t-test compares the means of one or more groups that are normally 
distributed to a test value selected by the research. The test values selected in this study 
represent the means of either all students in the treatment or the control group for 
different portions of the concept inventory and were used to see if a significant difference 
existed between that mean score and the scores or individual test groups for the same 
section of the concept inventory. The one sample t-test is applicable in this research 
study, because it assists in determining if individual groups possess significantly different 
mean scores when compared to other studied groups. In this research, a significance level 
(alpha) of 0.05 is used.  Results are determined to be statistically significant if there is 





ANALYSIS AND RESULTS 
Statistical Variations Among Control and Treatment Groups 
Table 3 displays the pretest paired t-test conducted for evolution (questions 33-
52) and geologic time sections (questions 19-32) of the concept inventory. Both groups 
possess an alpha level for Levene's which satisfies the homogeneity of variance 
assumption (i.e., both groups do not possess statistical variance form one another). Note 
that in the cases of both geologic time knowledge and evolutionary knowledge, the 
pretest for the whole treatment and the whole control group are not statistically different 
(α=.05) from each other for either geologic time or evolutionary questions.  
SUBSECTION: Individual Group Score Comparison  
Individual group pretest scores were next compared. (Because of the large amount 
of data generated the results discussed below are located in Appendix D). Between all 
groups within the treatment population of students, for geologic time pretest questions, 
there were no significant differences (alpha=0.05) between any of the groups’ pretest 
scores. Between all groups within the treatment population of students, for evolution 
pretest questions, there were no significant differences (alpha = 0.05) between any of the 
groups’ pretest scores. Between all groups within the control population of students, for 
geologic time pretest questions, there were no significant differences (alpha =0.05) 
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between any of the groups’ pretest scores. However a few statistically different scores 
exist within the control groups for evolution questions (33-52) pretest scores.  
Table 3 Independent Samples t-Test: Pretest Test Score Comparison 
Group Statistics  











Treatment 102 5.83 
2
2.48 0.246  
Control 112 6.22 
2





Treatment 102 8.17 3.49 0.346  
Control 112 8.41 3.59 0.339  
 Levene's Test for Equality of Variances t-test for Equality of Means 
 
f
F Sig. t df 











of the Difference 



























0.486 -1.20 0.713 
Note: geologic time question consist of questions 19-32 and evolutionary 
theory questions 33-52 
The individual control groups pretest scores for geologic time questions were next 
compared to the combined treatment group pretest geologic time question mean score via 
a one sample t-test (Appendix D). The individual treatment groups’ pretest scores for 
geologic time questions were next compared to the combined control group pretest 
geologic time question mean score via a one sample t-test. There existed no significant 
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difference in the means for geologic time question (19-23) pretest scores. An independent 
sample t-test was then conducted between the combined treatment groups and each 
individual control group for the evolution portion of the concept inventory (questions 33-
52). When all student groups, within the control population, were compared for evolution 
pretest questions it was found that there were several significant differences (alpha =0.05) 
between several of the groups’ pretest scores.  The treatment group mean was 8.16. The 
mean for control group 7 was 10.63, control group 8’s mean was 6.5 and the mean for 
control group 10 was 6.7; groups 8 and 10 mean scores were significantly below the 
treatment group pretest mean score for evolution questions (33-52), and group 7 was 
significantly above.  
A one-sample t-test was conducted comparing individual treatment groups to the 
combined control group pretest mean for the whole concept inventory (geologic time and 
evolution questions). No groups significantly differed from the combined control groups 
pretest mean (Appendix D). When a one-sample t-test was conducted comparing 
individual control groups to the combined treatment group pretest mean for the whole 
concept inventory (geologic time and evolution questions) control groups 7 and 8 differed 
significantly from the combined treatment groups’ pretest mean score.  
In order to determine if groups 7 and 8 were affecting the previous independent 
samples comparison for test score gains, these groups’ results were removed from the 
control group for the purpose if a follow-up independent samples t-test on score gains for 
evolution and geologic time portions of the concept inventory (Appendix D). An 
independent samples t-test was then conducted for score gains between the evolution 
group and the control group (minus groups 7 and 8). It was determined that no statistical 
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difference existed for either geologic time questions or evolution question gains between 
the treatment and the control group.   
One sample t-tests were conducted between the whole control group mean 
posttest scores (without groups 7 and 8) for geologic time, evolution, and the whole test 
versus. individual treatment groups. It was found that group 1 had significantly higher 
posttest mean score for the combined concept inventory (geologic time and evolution 
questions sections). Group 4 had significantly lower mean scores on the evolution portion 
of the test. All other treatment groups were not significantly different in posttest scores 
for either geologic time, evolution or combined (whole test) sets of questions. 
 Therefore, for the purposes of this research analysis, groups 7 and 8 were retained 
because the control group as a whole retains statistically non-significant (α= 0.05) pretest 
score from the whole treatment groups. Additionally, removing groups 7 and 8 do not 
alter the overall conclusions derived as a result of this study.  
Additional Participant Population Characteristics  
Figure 3 displays the histograms comparing pretest group score for geologic time 
questions 19-32 on the concept inventory and Figure 4 displays histograms for pretest 
evolution questions 33-52.  Both groups possess a similar distribution of initial scores and 
possess a normal distribution, which meets the criteria for a paired t-test analysis.  
Figure 5 displays histograms of the cumulative high school GPA distribution of 
both the control and treatment groups prior to the study. In both cases the distribution of 
scores in nearly identical. Descriptive statistics for the studied groups are displayed in 
Tables 4 and 5, below. Standard deviations between treatments and control group pretest 
were not significantly different (α=0.05). The mean of each group was not significantly 
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different from each other (α=0.05).  Complete student question responses are located in 
Appendix E. 
 
Figure 3 Prestudy distribution of scores on geologic time questions (19-32) for both 
treatment and control groups  
 
 
Figure 4 Prestudy distribution of scores on evolution questions (33-52) for both 




Figure 5 Student GPA distributions for treatment and control groups. 
 
Table 4 Descriptive Statistics: Dependent Variable =  Pretest Questions 
 
Test Group N Mean Std. Deviation 
Geologic Time Treatment  102 5.84 2.489 
Geologic Time Control  112 6.21 2.527 
Evolution Treatment   102 8.17 3.496 
Evolution Control 112 8.41 3.596 
 
 
    
Table 5 Descriptive Statistics: Dependent Variable  =  Post Test Questions 
 
Test Group N Mean Std. Deviation 
Geologic Time Treatment  102 6.87 2.616 
Geologic time Control 112 6.42 2.982 
Evolution Treatment  102 9.06 4.056 
Evolution Control  112 9.29 4.246 
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An independent-samples t-test (Table 6) was conducted to compare evolution 
post-test score gains for students who had participated in a geologic time unit prior to the 
evolution unit (treatment) and students who did not participate in a geologic time unit 
prior to the evolution unit (control).  Levene's Test for Equality of Variances was 
satisfied for both evolution and geologic time portions for the concept inventory. (There 
was not a significant difference in variance between the two tested populations.)  There 
was not a significance difference (α=0.05) in the score gains on the concept inventory 
between treatment and control conditions for evolution questions (33-52).  There also 
was not a significant difference (α=0.05) in the score gains between treatment and control 
conditions for geologic time questions (19-32).  These data may lead us to conclude that 
the null hypothesis must be accepted, and there is no effect on students’ performance in 
an evolution unit when a geologic time unit is included prior to evolution study. 
However, further analysis of the concept inventories revealed several other interesting 
relationships.  
A paired t-test was conducted on pre- and post-test scores for geologic time (19-
32) and evolution questions (33-52) for the treatment and control group. The treatment 
group showed a significant (α=0.05) improvement between students’ pre and post test 
scores  for both geologic time and evolution portions of the concept inventory (Table 7). 
The control group did not show significant (α=0.05) improvement for geologic time 
questions (19-32) nor for evolution questions (33-52). As previously stated there was not 
a significant (α=0.05) difference between learning gains between the scores of the 
treatment and control group (Table 6). Therefore, it is interesting that only the treatment 
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group showed significant improvement in their pre- and post-test learning scores for both 
geologic time and evolution questions. 
Table 6 Independent Samples t-Test: Test Score Gains 
 
Group Statistics 





Geologic time test 
score gains 
Treatment 102 1.03 3.16 .313 
Control 112 .205 3.29 310 
Evolution test score 
gains 
Treatment 102 .890 4.32 .427 




Levene's Test for 
Equality of Variances t-test for Equality of Means 
 











Interval of the 
Difference 


















1.95 0.164 0.027 212 0.979 0.017 0.636 -1.23 1.27 





















Interval of the 
Difference 
Lower Upper 





-1.03 3.16 0.313 -1.65 -0.409 -3.29 101 0.001 
Pair 2 Geologic 




-0.205 3.29 0.310 -0.821 0.410 -0.661 111 0.510 
Pair 3 Evolution 
treatment  
prestudy – 
post study -0.892 4.32 0.427 -1.74 -0.044 -2.09 101 0.039 





-0.875 4.93 0.466 -1.79 0.048 -1.88 111 0.063 
 
Analysis of Individual Group Performance 
A paired sample t-test was conducted (α=0.05) for each treatment and control 
section for geologic time questions (19-32) and evolution questions (33-52) (Table 8 and 
Table 9). A paired sample t-test was also conducted between pre- and post-test learning 
gains between treatment and control groups for each teacher (Table 10). When one 
compares the learning gains between individual sections of students (Table 8 and Table 
9), one can see that not all sections performed equally well. All sections taught by 
Teacher 1 had significant (α=0.05) learning gains for both geologic time and evolution 
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questions in control and treatments groups between their pre- and post-test scores. In the 
case of Teacher 1, all of the treatment and control groups scored well but not statistically 
different from each other (Table 10). No other teacher had a majority of sections that 
performed in this manner on all tests. Other teachers experienced statistically significant 
learning gains (α=0.05) for individual sections either in their treatment or control groups. 
However, the data in Table 8 reveal that neither Teacher 2 nor Teacher 3 experienced 
statistically significant (α=0.05) learning gains between their treatment and control 
groups (Table 10).  Teacher 1 has a personal interest in geologic time but there are no 
other easily discernible characteristics that would differentiate Teacher 1 from the other 
two teachers. 
Table 8 Paired Samples t-Test: Individual Treatment Group Sections, Pre vs. Post 
Test  
 











Interval of the 
Difference 
 Teacher Lower Upper 
 
Geologic Time Test 
Questions  
  
T1 G1  -1.30 2.44 .509 -2.36 -.250 -2.57 22 .018 
T2 G2   -.737 3.02 .692 -2.19 .717 -1.07 18 .301 
T3 G3  -.850 3.92 .877 -2.69 .986 -.969 19 .345 
T2 G4 -.200 3.46 .773 -1.82 1.42 -.259 19 .799 
T3 G5  -2.10 2.55 .571 -3.29 -.905 -3.68 19 .002 
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Table 8       (continued) 













Interval of the 
Difference 
 
Teacher Lower Upper 
Evolution Test Questions   
    
T1 G1 -2.57 3.93 0.82 -4.26 -0.87 -3.13 22 0.01 
T2 G2 0.32 4.45 1.02 -1.83 2.46 0.31 18 0.76 
T3 G3  -1.10 3.55 0.79 -2.76 0.56 -1.39 19 0.18 
T2 G4  0.50 4.01 0.89 -1.38 2.38 0.56 19 0.58 
T3 G5 -1.30 5.16 1.15 -3.72 1.12 -1.13 19 0.27 
Note: The designation “T” refers to the teacher of the class and the designation “G” refers 
to the class section (group). 
Table 9 Paired Samples Test: Individual Control Group Sections, Pre vs. Post Test 
Scores. 
 












Interval of the 
Difference 
 Teacher Lower Upper 
Geologic Time Test Questions 
          
T1 G6 -.938 1.69 0.423 -1.84 -0.036 -2.22 15 0.043 
T3 G7  -.250 4.28 0.873 -2.06 1.57 -0.286 23 0.777 
T2 G8  0.792 1.87 0.381 0.004 1.58 2.08 23 0.049 
T3 G9  -1.28 3.99 0.797 -2.93 0.365 -1.61 24 0.121 
T2  G10  0.304 2.99 0.624 -.989 1.59 0.488 22 0.630 
Evolution Test Questions    
      
T1 G6  -2.31 3.42 0.855 -4.14 -0.490 -2.71 15 0.016 
T3 G7 0.125 6.89 1.41 -2.79 3.04 0.089 23 0.930 
T2 G8  0.042 2.79 0.569 -1.14 1.22 0.073 23 0.942 
T3 G9  -0.880 5.73 1.15 -3.25 1.49 -0.768 24 0.450 
T2 G10 -1.87 4.04 0.842 -3.62 -.124 -2.22 22 0.037 
Note: The designation “T” refers to the teacher of the class and the designation “G” refers 
to the class section (group). Geologic time questions compromised numbers 19-32 on the 
concept inventory and evolution questions consisted of numbers 33-52.  
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Table 10 Paired Samples Test: Pretest and Posttest Learning Gains Comparison for 
Treatment vs. Control Groups for all Students Taught by a Single Teacher. 
 












Interval of the 
Difference 
Teacher Test Lower Upper 
T1 Geologic Time 0.125 2.63 .657 -1.28 1.53 0.190 15 0.852 
T1 Evolution -0.750 5.65 1.41 -3.76 2.26 -0.531 5 0.603 
T2 Geologic Time -1.05 3.78 0.605 -2.28 0.172 -1.74 8 0.090 
T2 Evolution 1.18 5.59 .894 -0.631 2.99 1.32 8 0.195 
T3 Geologic Time -1.00 3.91 0.618 -2.25 0.250 -1.62 9 0.114 
T3 Evolution -1.10 8.52 1.35 -3.82 1.62 -0.817 9 0.419 
Note: The designation “T” refers to the teacher of the class. 
Analysis of Performance between Genders  
An independent samples t-test was conducted comparing initial concept inventory 
scores for evolution test questions (33-52) based upon gender (Appendix F). In a gender 
based comparison of initial evolution test scores between gender based groups, treatment 
females, treatment males, control females, and control males, no statistical difference 
(α=0.05) was found between any of the groups. It should be noted that the independent t-
test conducted between control males and control females did not satisfy the homogeneity 
of variance assumption (this pairing showed a statistical difference (α=0.05) in Levene’s 
test), and therefore the t-value assuming non-homogeneity of variance was used in place 
of the standard t-value (this still resulted in a non-significant difference (α=0.05) between 
these groups’ initial test scores). All other group comparisons maintained the 




A follow-up independent samples t-test was conducted upon score gains for the 
gender based groups treatment females, treatment males, control females, and control 
males. Gender differentiated score gains (Appendix F) did not yield a statistical (α=0.05) 
difference. It should be noted that the independent t-test conducted between control 
treatment females and control males did not satisfy the homogeneity of variance 
assumption [this pairing showed a statistical difference (α=0.05) in Levene’s test] and 
therefore the t-value assuming non-homogeneity of variance was used in place of the 
standard t-value (this still resulted in a non-significant difference (α=0.05) between these 
groups’ initial test scores). All other group comparisons maintained the homogeneity of 
variance assumption.  
Analysis of Student Agreement with Evolutionary Theory  
One additional item of interest beyond concept inventory gains is the topic of 
belief. On the concept test, students were asked “Do you agree with the theory of 
evolution?” Student responses are compiled in Table 10. The treatment group contained 
the fewest students (43.62% as opposed 60.82% in the control group) who initially 
answered that they agreed with the theory of evolution (combined answers “A” and “B”), 
and the most students (31.91% as opposed to the control groups’ 13.40%) who did not 
consider themselves knowledgeable enough to answer whether or not they agreed with 
the theory.  
The treatment group also had the largest percentage of students who changed 
from a non-yes answer on the pretest to a yes answer on the post test, with 27.51% more 
students changing from a non-agreement answer (C) to an agreement answer (A or B) 
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with the theory of evolution post-study. This compares to only 19.82% of students in the 
control group. (The treatment group started at 43.62% agreement and went to 71.13% 
agreement post test whereas the control group started with 60.38% agreement and ended 
at 80.2% agreement). The control group ended the study with the highest overall level of 
agreement with the theory of evolution (at 80.2% agreement, a selection of answer choice 
A or B) as opposed to the treatment group who ended the study with a total of 71.13% 
agreement. It should be noted, however, that the control group also began the study with 
17.2% more student agreement with the theory of evolution than the treatment group 
initially agreeing. The control group experienced a much larger reduction in students 
answering “no” between pre and posttest (9.93% reduction) compared to the treatment 
group’s 1.79% reduction.  In the treatment groups, the majority of those students who 
changed their answer went from an “I don’t know enough about evolution in order to 
answer” (D) rather than a “no” answer (C), as was the case in the control group.   
Table 14 displays a paired sample t-test comparing the pre and post test response 
for agreement with evolutionary theory for both treatment and control groups. In both 
groups, changes from a non-agreement answer pretest to an agreement answer post test 
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Table 11 Comparison Between Pre and Post Study Agreement Statements for 
Evolution for all Students in the Treatment and Control Groups 








post test   
a.   Yes 47.42 62.38% 36.17% 57.73% 
b.      Yes, but only the parts 
that don’t pertain to human 
origins or the age of the Earth 
13.40% 17.82% 7.45% 13.40% 
c.       No 25.77% 15.84% 24.47% 22.68% 
d.      I don’t know enough 
about evolution in order to 
answer 
 13.40% 3.96% 31.91% 6.19% 
 
Table 12 Paired Samples Test: Pretest and Posttest Gains in Agreement with 
Evolutionary   Theory  
 Paired Differences 










Interval of the 
Difference 
Group Lower Upper 
Treatment 0.733 1.482 0.156 0.423 1.044 4.693 89 0.000 
Control 0.528 1.523 0.161 0.207 0.849 3.271 88 0.002 
Note: An agreement gain constitutes changing a response from a no answer 
(disagreement) to either answer A or B (“yes” or “yes except for human origins” counted 
as an agreement answer). “I don’t know” choices were ignored for the purpose of this 
analysis. 
Student Perception of the Relationship Between Belief and Understanding 
It is also interesting that the perception of the relationship between belief and 
understanding were similar pre and post study for both the treatment and control groups 
(Table 15). The distribution of these scores is roughly divided into thirds with little 
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change in perception between pre- and post-study tests. A student’s predisposition as to 
the value of belief seems to remain unchanged as a result of participating in this study. 
Some shifting in answer selection did occur, however. More students in the treatment 
group changed from considering belief “somewhat important” to either “not important” 
or “important for understanding” post study at roughly the same rate whereas students in 
the control group shifted primarily from “not important” to “very important” post study. 
It would be interesting to the researcher, in a future study, to clarify why a student 
initially chose his or her answer and then why the student chose to change or to retain the 
same answer post study. Both treatment and control group students tended to shift 
slightly more to definitive answers (A or C) post study, moving away from the answer 
belief in the validity of evolution was “somewhat important” for understanding 
evolutionary theory.  
Table 13 Comparison Between Pre and Post Study Perception of Students as to 
Whether Belief Impacts the Understanding of Evolution 








posttest   
a. Very important 27.27% 36.63% 30.00% 35.05% 
b. Somewhat important 34.34% 33.66% 34.44% 25.77% 
c. Not Important 38.38% 29.70% 35.56% 39.18% 
 
Concept Maps 
Concept maps created by control and treatment groups showed similarity in terms 
of their complexity and connections between ideas. Neither the treatment nor the control 
group displayed an appreciable difference in aptitude for the creation of the maps. This is 
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not surprising as all biology students received the same training in the construction and 
development of concept maps and have used concept maps for other units that were 
completed as part of the standard high school curriculum through the previous three 
quarters of the school year. Figures 6 to10 display the progression of weekly concepts 
from a treatment group student. Two methods were employed for incorporating ideas into 
concept maps. The first method was to create a separate concept map for each week’s 
terms and then to create a unified concept map at the end of the unit. The second method 
was to continuously add new terms and revise connections between older concepts as 
more concepts were added over the course of the study; this method is shown in Figure 
11.  
            In both treatment and control groups, the term “evolution” functioned as central 
nodes in final concept maps that possessed many links to other terms. In the treatment 
group, several terms also clustered and branched from the term “geologic time.” It was 
also common for terms in final concept maps to be clustered near and/or linked to terms 
that were present in the same list of weekly terms. (A list of all weekly terms is presented 
in Appendix G). Students in both treatment and control groups tended not to frequently 
revise links between terms once the initial connections were made, but would more 








e 6 Concept map progression. 
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e 7 Concept map progression. 
72 




e 8 Concept map progression. 
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e 9 Concept map progression. 
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Figure 11 Treatment group student final concept map.  
Note: Each week’s terms are outlined in a separate color. Here these sections are outlined 
with dotted lines to distinguish different weekly terms lists. This student chose to update 
and change their concept map on a single sheet of paper instead of writing a new concept 





  Paired t-tests between pre- and post-test score gains yielded non-significant (α= 
0.05) differences in evolution gains between treatment and control groups (p = 0.601) 
which leads to acceptance of the null hypothesis (H10).   That is, there was no statistical 
evidence to support the contention that the treatment method of including geologic time 
instruction was more effective than traditional methods in teaching evolution.  
  As noted in the results section (Table 6), only the treatment group showed 
significant (α= 0.05) learning gains between pre- and post-tests, but these gains were not 
statistically different from the control groups (Table 7), even though the control groups 
did achieve statistically significant score gains. These results seem to be in conflict with 
the beneficial nature of including the deep time study (macroevolution) in an 
evolutionary curriculum that had proposed been proposed by other researchers (Alters 
and Nelson, 2002 ; Catley, 2006; Dodick, 2007; Dodick and Orion, 2003b; Libarkin et 
al., 2005; Trend, 2002, 2009).  
Evolutionary Concepts Require Time for Students to Assimilate  
  Research cited previously in this paper indicated that geologic time was a 
threshold concept for understanding evolutionary theory. Yet this was not borne out by 
the data collected in this study. Thus we are left to consider what alternative explanations 
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might better explain the nature of the data collected. Scharmann (1989) may provide 
some insight into this matter. His findings were that although diversified instructional 
strategy was superior to traditional lecture courses, all students made gains when 
presented with evolutionary concepts. This leads to the questions of whether it is perhaps 
the method of instruction rather than the inclusion of deep time concepts that allows 
students to increase their knowledge over the course of instruction. Nehm and Reilly 
(2007) indicated that prior coursework did not engender an enhanced working knowledge 
of natural selection for the majority of those students surveyed. Recall that Nehm and 
Reilly (2007) also found that after several courses in biology, both at the high school and 
college level, many of the students’ misconceptions persisted.   
  Catley and Novick (2008) found the reverse to be true as well, namely that 
students with a strong background in evolution did not appear to perform significantly 
differently (α=0.05) when taking a geology course that covered deep time concepts when 
compared to their peers with a weaker background in evolutionary theory. In light of 
these other studies, it perhaps unsurprising that a single unit of instruction would have a 
significant impact on removing the misconceptions of high school students.   
  This may be especially true because this was all of the students’ first exposure to 
the theory of evolution and geologic time. Therefore, even though the treatment group 
was instructed in geologic time concepts, the basis for their prior conceptions pertaining 
to evolution may have more strongly influenced their understanding of this topic. This 
hypothesis seems to be supported by the individual student group achievement data 
displayed in Tables 8 and 9.  These data indicate the geologic time material covered by 
the treatment group did not cause them to achieve significantly better than control 
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groupings. This assertion holds when one compares the score gains for all of the 
treatment groups taught by an individual teacher with those of all control groups taught 
by that same teacher (Table 10). Even though individual groups of student experienced 
significant learning gains between pre- and post-tests, these gains were found in both 
treatment and control groups for geologic and evolutionary content. Groups that did well 
on geologic time concepts did not consistently achieve in the evolutionary component of 
their concept inventory, and vice versa (Tables 8 and 9). As noted previously (Table 9) 
the exception is those students taught by Teacher 1 in which all sections made significant 
gains between pre- and post-test for evolution (33-52) and geologic time questions (19-
32). Even in the case of Teacher 1, a statistically significant (α= 0.05) difference between 
treatment and control group gains for geologic time and evolutionary content was not 
found (Table 10).  
  It is interesting that all sections taught by Teacher 1 had significant score gains for 
both geologic time and evolutionary concepts inventories. The reason behind this is 
unclear. Teacher 1’s groups are the only biology classes to be taught first and second 
period in the school day. Groups 1 and 6, of Teacher 1, are also the only groups taught by 
Teacher 1 whereas Teachers 2 and 3 each teach four sections of students (two control and 
two treatment groups each) during third, fourth, fifth and sixth period. All of the biology 
teachers have taught biology for minimum of four years and have strong college 
backgrounds in the biological sciences including evolution. Despite the fact that all 
teachers taught the same material on the same days, it may be that personal teaching style 
and content delivery in the classroom could be factors that influence these results. 
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Teaching style and content delivery should be investigated in future research studies to 
see whether they can be correlated with student gains.   
  Baumgartner and Duncan (2009), as well as Dodick and Orion (2003a, 2003b, 
2003c), noted that students have difficulty bridging the gap between micro and macro 
evolutionary theory.  These findings would also be consistent with the findings of this 
study in that it is quite possible that a single unit covering geologic time is not sufficient 
to allow students to appreciate how the macro-evolutionary process functions, nor to 
provide additional foundational understanding for micro-evolutionary concepts explored 
during the evolution unit. This does not necessarily mean that geologic time is 
unimportant in light of enhancing evolution instruction, but rather the data indicate that 
substantially more curricular time is needed in order for it to be successfully integrated 
into the students’ knowledge base.  This conclusion would agree with what Catley (2006) 
posited about the difficulties inherent in understanding concepts such as deep time, which 
may not fundamentally be a cognitive problem on the part of the learner, but simply may 
infer insufficient exposure to thinking and learning about these concepts. Robbins and 
Roy (2007) found that, upon completion of a course in evolution at the high school level, 
even if students espoused acceptance of the theory of evolution, the course did not make 
a lasting impression upon the students when they were reassessed for long-term 
knowledge retention three to four years after the conclusion of the original study. Future 
research which investigates how groups of students learn evolution with more prolonged 
exposure to geologic time and geology concepts in general may further clarify the 




Factors Other than Curricular Content  
Another consideration is whether not students’ personal acceptance of 
evolutionary theory plays a role in their ability to connect deep time concepts to concepts 
of evolution, and furthermore whether personal acceptance of the validity of the theory of 
evolution permits a greater alleviation of misconceptions about either deep time or 
evolution. Lack of personal acceptance may arise from not understanding the data, apathy 
toward coursework, or less tangible reasons such as actual or perceived religious 
disagreements with what evolutionary theory espouses. Nelson (2008) “found that 
students often seemed to feel initially that there were only two alternatives: atheistic 
evolution or religious creationism" (p.222).  This type of dichotomous thinking may 
prevent students from critically juxtaposing what is proposed by deep time and 
evolutionary theory and what their personal and/or religious beliefs may offer them. 
  Donnelly et al. (2008) found that deep time concepts in and of themselves did not 
generally present an acceptance issue for high school students, but that human evolution 
could still be an issue within certain subcultural groups. These researchers also found that 
disagreement with the theory of evolution did not inherently mean that the students did 
not enjoy the course, and that some rejecters described that understanding evolution does 
not necessarily require accepting it as a fact.  
  Students participating in this study were divided as to whether they thought 
agreement with the theory of evolution was important to understanding evolution (Table 
13). In light of this study’s data, it would seem that acceptance does not enhance 
performance but the reasons for these results are not entirely clear and future research 
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should be conducted to clarify the link between acceptance of evolutionary theory and the 
corrections of misconceptions as a result of studying evolutionary theory. 
  In the pretest, 13.40% of the control groups and 31.91% of the treatment group 
felt that they didn’t understand evolution well enough to answer either yes or no, but by 
the post test only 3.96% of students in the control and 6.19% of students in the treatment 
group felt this way. This study found that a significant majority of students (α=0.05) 
changed from a non-agreement with the theory of evolution to a form of agreement 
between pre and post study tests, in both treatment and control groups. Only 15.84% of 
students (control) and 22.68% (treatment) disagreed with evolutionary theory post study.  
Even though the treatment group had more overall disagreement with the theory of 
evolution post study, the treatment group also had the largest increase in the number of 
students who changed their prestudy answer to agree with evolutionary theory post study. 
  McKeachie et al. (2002); and Cotner et al. (2010) found that students participating 
in their evolution curriculum who expressed their beliefs as creationist did less well than 
students who did not claim this point of view. However, it did not stop either group from 
passing the course. A possible reason offered by these authors to explain their findings 
was that students who entered the course espousing a creationist view point experienced a 
“cognitive dissonance” because of the nature of the curricular material which competed 
with their previously established religious-based explanations for the same phenomena. 
Students entering the course who rejected the theory of evolution were found to 
experience higher anxiety, lower motivation, and lower self-efficacy, which led the 
students to try to memorize the required material that they would be tested on, rather than 
understand the data presented to them and their implications. Woods and Scharmann 
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(2001) also found that a student's religious belief played a major role in whether that 
student would consider accepting evolutionary theory as valid or at least as a logical 
conclusion based upon scientifically collected data. A reason for this finding was that 
students who held this view often considered evolutionary theory in dualistic terms, 
indicating that their acceptance of this theory was derived from whether or not their 
religious beliefs accepted this theory, and not on the basis of the data presented to them in 
the course. This agrees with Alters and Nelson (2002), Deniz et al. (2006), and Rutledge 
and Warden (1999), who also noted the difficulty in eliciting critical thinking from 
students instead of dualistic modes of thinking. The researchers further found that greater 
acceptance of evolutionary theory often coincided with a better understanding of 
evolutionary theory. 
  These results may then shed light on the apparent lack of effect of teaching 
geologic time in conjunction with evolution. Meadows et al. (2000) warned, as a result of 
their study, that when students fail to successfully learn about the concept of evolution it 
may be because they have actively chosen not to on religious grounds. It may be that 
students who were already unwilling to be open to critically evaluating the data that 
supported evolutionary theory may also have been unwilling to look at deep time 
concepts and the possibility of accepting their validity, even if a strong case was 
presented.  
  It is possible that the evidence presented about deep time in this study did not 
provide a compelling enough argument to cause students who initially rejected 
evolutionary theory (regardless of whether or not they understood it) to experience a 
paradigm shift. Woods and Scharmann (2001) stated that moving from a dualistic view of 
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evolutionary theory to one that bridges religious belief with the logic of science is an 
essential cognitive step for students. Allowing for data to influence understanding is 
considered important by these researchers, because it grants students the ability to 
examine apparently opposing views and to gain knowledge from both without having to 
reject one idea or the other. This is consistent with the findings of Gregory and Ellis 
(2009), who noted that “there was a positive correlation between acceptance of evolution 
and general understanding” (p.797). Gregory and Ellis (2009) also noted that their results 






  This research investigation indicates that deep time concepts alone do not appear 
to improve the student’s ability to successfully learn and demonstrate knowledge of 
evolutionary theory.  This does not mean, however, that the study of geologic time in 
conjunction with evolution is not beneficial. Other factors also appear to have impact 
upon a student's understanding of evolution. This is an interesting finding in light of the 
fact that so many other researchers (Alters and Nelson 2002; Catley 2006; Dodick, 2007; 
Dodick and Orion 2003b; Libarkin et al. 2005; Trend 2002, 2009) claim that 
understanding geologic time is also essential to understanding evolution. This also 
indicates a broader implication that is not the content but rather the culture, climate, 
teacher content delivery method and comfort of the student and educator that most 
directly impact successes in forming a scientifically valid understanding of evolution. 
More research is needed to fully elicit these effects upon student performance. 
One potential future area of study is to discern the role of the teacher and the 
cultural climate of the classroom, and how that affects the students’ comfort level when 
viewing critically the body of data supporting evolutionary theory. Though it is beyond 
the scope of this particular study, it may be that certain teachers, or even particular 
student class groups, made a greater effort to accommodate a range of ideas and values 
placed upon the accuracy, validity, and importance of evolutionary theory. Deniz et al. 
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(2008) suggested that “conceptual ecologies of both teachers and students influence the 
process of teaching and learning.” (p. 439).  Students do not learn any topic within a 
vacuum.  It may be the attitudes of the students’ peers and the perceived attitude of their 
teacher that facilitate a greater academic flexibility when examining controversial 
concepts, such as evolution, that may run counter to a student’s initial belief about that 
topic. A future study should examine elements and methods that most successfully set up 
a cultural climate which engenders a greater comfort with course material. A more 
comprehensive understanding of these factors may lead to greater student understanding 
of evolutionary theory regardless of whether or not the student chooses to accept its 
validity at the end of the course. Donnelly et al. (2008), as well as Meadows et al. (2000) 
proposed the importance of addressing students’ multiple perspectives within the context 
of a science course, regardless of whether or not those concepts may be scientifically 
valid.  
 Zen (2001) described deep time concepts as important for the general populace to 
understand, but admitted that certain fundamentalist religious views can form barriers to 
a complete understanding of these topics. Zen explained that some of his most fruitful 
discussions about the idea of an old Earth have been conducted with those of 
fundamentalist evangelical Christian beliefs.  He asserted that these discussions were 
fruitful because these conversations act as a “staging point to explore why we draw 
different inferences and reach our particular ways to reconcile empirical knowledge with 
personal values and beliefs. In this sense, deep time could be a bridge, rather than a moat, 
for those who wish to go out and explore” (p.8).  Robbins and Roy (2007) noted that 
discussion among students about their beliefs increased the level of student acceptance of 
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evolutionary theory, but that this new acceptance did not translate into increased 
performance in terms of the students’ grades. 
  Woods and Scharmann (2001) recommended that educators keep in the forefront 
of their instruction the concept that they dealing with a “whole” person and that their 
basis of belief (e.g. religious, scientific, cultural), emotional state, comfort level, past 
beliefs, and other related pressures influence students’ ability to not only participate in 
curricular material, but to grow as a result of that participation and to further their 
understanding of scientific principles. Woods and Scharmann (2001) claimed that the 
worst result of not taking the whole student into account is that the student will become 
alienated and simply resort to memorizing course materials. This leads the student only to 
repeat what the teacher wants to hear, or withdraw from active participation in the course. 
This pattern of behavior engenders a perpetuation of inaccurate ideas about evolutionary 
theory that will continue on into adulthood. 
Another reason why it is essential to further research the importance of the 
acceptance of evolutionary theory became apparent after reviewing the literature: There 
is a disagreement among researchers pertaining to whether or not acceptance plays a role 
in enhancing student understanding. For example, studies conducted by Alters and 
Nelson (2002), and Deniz et al. (2006) found that acceptance of evolutionary theory was 
strongly associated with understanding evolutionary theory. This contrasts other studies 
such as that of Bishop and Anderson (1986), and Sinatra et al. (2008), whose data 
suggested that there was no relationship between acceptance of evolutionary theory and 
enhanced understanding of it. This issue is further confounded by research findings of 
Dahl et al. (2005) and Trend (2000) who found that that a teacher’s understanding of 
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deep time affected the way in which he or she conveyed the same content to his or her 
students.  This, in some instances, led to an omission of details the educator did not 
understand, regardless of whether this was intentional or based on the teacher's own 
misconceptions. Trend (2000) found that primary teachers especially exhibited a very 
tenuous grasp of deep time concepts on average. This lack of geoscience literacy further 
imparts the danger of the teacher passing on personal misconceptions to students, 
regardless of the quality and diversity of the instructional methods undertaken by the 
educator in the classroom.  Though there are no easy remedies for any of the problems 
discussed in this study, the data uncovered provide a rich opportunity and direction for 
future research whose outcome may hopefully clarify the main and peripheral causes for 
students, their teachers, and society in general to hold misconceptions about the theory of 
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Material taken from Washington State Office of Superintendent of Public 
Instruction. http://www.k12.wa.us/Science/Standards.aspx web. 11-7-2010 
EALR 4: Life Science.  Big Idea: Biological Evolution (LS3).  Core 
Content:  Mechanisms of Evolution 
Content Standards - Students know that  
9-11 LS3A Biological evolution is due to: (1) genetic variability of offspring due to 
mutations and genetic recombination, (2) the potential for a species to increase its 
numbers, (3) a finite supply of resources, and (4) natural selection by the environment 
for those offspring better able to survive and produce offspring. 
9-11 LS3B Random changes in the genetic makeup of cells and organisms (mutations) 
can cause changes in their physical characteristics or behaviors. If the genetic mutations 
occur in eggs or sperm cells, the changes will be inherited by offspring. While many of 
these changes will be harmful, a small minority may allow the offspring to better 
survive and reproduce. 
9-11 LS3C The great diversity of organisms is the result of more than 3.5 billion years 
of evolution that has filled available ecosystem niches on Earth with life forms. 
9-11 LS3D The fossil record and anatomical and molecular similarities observed among 
diverse species of living organisms provide evidence of biological evolution. 
9-11 LS3E Biological classifications are based on how organisms are related, reflecting 
their evolutionary history. Scientists infer relationships from physiological traits, 
genetic information, and the ability of two organisms to produce fertile offspring. 
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EALR 4: Earth and Space Science.  Big Idea: Earth History (ES3).  Core 
Content:  Evolution of the Earth 
  Content Standards - Students know that 
9-11 ES3A Interactions among the solid Earth, the oceans, the atmosphere, and 
organisms have resulted in the ongoing evolution of the Earth system. We can observe 
changes such as earthquakes and volcanic eruptions on a human time scale, but many 
processes such as mountain building and plate movements take place over hundreds of 
millions of years. 
9-11 ES3B Geologic time can be estimated by several methods (e.g., counting tree 
rings, observing rock sequences, using fossils to correlate sequences at various 
locations, and using the known decay rates of radioactive isotopes present in rocks to 
measure the time since the rock was formed). 
9-11 ES3C Evidence for one-celled forms of life—the bacteria—extends back billions 
of years. The appearance of life on Earth caused dramatic changes in the composition of 
Earth's atmosphere, which did not originally contain oxygen. 
9-11 ES3D Data gathered from a variety of methods have shown that Earth has gone 
















Please write in your answers to the best of your ability for questions I. and II. 
 











Please answer the following questions about your background (This 
information will be kept anonymous). 
1.  Gender 
a.  Male   
b.  Female 
 
2.  High School G.P.A. 





3.  Racial Background:   
 
a.  White   
b.  Hispanic 
c.  Asian 
d.  African-American 
e.  Pacific Islander 
a and b. American Indian 
d and c. Other 
 
In which grade did you previously take or currently take the following 
science courses? 
 
4.  Physics               a. 8      b.  9      c. 10       d. 11       e.  Never 
5.  Chemistry           a. 8      b.  9       c. 10       d. 11       e.  Never 
6.  Biology               a. 8      b.  9      c. 10       d. 11      e.  Never 
7.  Earth Science      a. 8      b.  9      c. 10       d. 11       e.  Never 
 
Please rate questions (8-18) 
8.  Is belief that evolution occurred important to understanding the theory of 
evolution? 
a.  Very important      b. somewhat important      c. Not important 
 
9.  Do you think that a person can be religious and still understand the theory 
of evolution? 
a.  Yes 
b.  Yes, but only the parts that don’t pertain to human origins or the age of 
the Earth 
c.  No 







10.  Do you think that a person can be religious and still believe (agree with) the 
theory of evolution? 
a. Yes  
b.  Yes, but only the parts that don’t pertain to human origins or the age of 
the Earth 
c.  No 
d.  I don’t know enough about evolution in order to answer 
 
11.  Do you agree with the theory of evolution? 
a. Yes  
b.  Yes, but only the parts that don’t pertain to human origins or the age of 
the Earth 
c.  No 
d.  I don’t know enough about evolution in order to answer 
 
12.  How well do you think you understand what the theory of evolution is and 
the evidence that is used to support it? 
a.  Very well 
b.  Somewhat ( I know what it is but I don’t know what support there is for 
it) 
c.  I think I know but I can’t explain it 
d.  I don’t have a very clear idea what evolution is or what evidence is used to 
support it.  
 
13.  How well do you think you understand what geologic time (deep time) is and 
what evidence is used to support it? 
a. Very well 
b.  Somewhat ( I know what it is but I don’t know what support there is for 
it) 
c.  I think I know but I can’t explain it 
d.  I don’t have a very clear idea what evolution is or what evidence is used to 
support it.  
14.  Do you agree with the concept of geologic time (deep time)? 
a.  Yes  
b.  Yes, but only the parts that don’t pertain to the age of the Earth 
c.  No 
d.  I don’t know enough about geologic time in order to answer 
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15.  How would you rate your interest in learning about evolutionary theory? 
(Strong-weak) 
a. Very interested       b. somewhat interested c. Not very interested 
 
16.  How would you rate your interest in learning about geologic time? (Strong-
weak) 
a. Very interested       b. somewhat interested c. Not very interested 
 
17.  How important is understanding evolutionary theory to understanding 
biology?  
a.  Very important        b. somewhat important       c. Not important 
 
18. How important is understanding geologic time (deep time) to understanding 
evolutionary theory  
a.  Very important        b. somewhat important       c. Not important 
 
Please answer the following questions to the best of your ability. (Geoscience 
questions number 19-32 taken from the work of Libarken et al.) 
 
______19. Some scientists claim that they can determine when the Earth first 
formed as a planet.  Which technique(s) do scientists use today to 
determine when the Earth first formed?  Choose all that apply. 
(A) Comparison of fossils found in rocks 
(B) Comparison of different layers of rock 
(C) Analysis of uranium and lead in rock 
(D) Analysis of carbon in rock  





______20. Which technique for determining when the Earth first formed as a 
planet is most accurate? 
(A) Comparison of fossils found in rocks 
(B) Comparison of different layers of rock 
(C) Analysis of uranium and lead in rock 
(D) Analysis of carbon in rock  
(E) Scientists cannot calculate the age of the Earth 
 

















A. One large 
landmass 
surrounded by water  
B. All water and no 
land 
C
C. Similar to 
D. Mostly molten 
rock and no water 






______22. Which of the figures below do you think most closely represents 
changes in life on Earth over time? 
 
























H um an s Ap pe ar
D ino sa urs D isapp ea r




Life (includ ing dinosaurs
and humans) A ppears




L ife App ears
Hu ma ns A pp ea r
Dinosau rs D isa pp ea r





Hu m an s A pp ear
Dinosau rs Disap pe ar




L ife App ears
Hum ans A ppea r
Dinosau rs Disap pear




If you could travel back in time to when the Earth first formed as a planet: 
______23. How many years back in time would you have to travel? 
(A) 4 hundred years 
(B) 4 hundred-thousand years 
(C) 4 million years 
(D) 4 billion years 
(E) 4 trillion years 
 
______24. Some people believe there was once a single continent on Earth. 
Which of the following statements best describes what happened 
to this continent? 
(A) Meteors hit the Earth causing the continent to break into smaller pieces 
(B) The Earth lost heat over time and cracked, causing the continent to break into 
smaller pieces 
(C) Material beneath the continent moved, causing the continent to break into smaller 
pieces 
(D) The Earth gained heat over time and cracked, causing the continent to break into 
smaller pieces 
(E) Only a small number of people believe there was once a single continent, and it is 







______25. If the single continent in #29 did exist, how long did it take for the 
single continent to break apart and form the arrangement of 
continents we see today? 
(A) Hundreds of years 
(B) Thousands of years 
(C) Millions of years 
(D) Billions of years 
(E) It is impossible to tell how long the break up would have taken 
 
______26. Some people say that radioactivity is a process that sometimes 
occurs on Earth.  Which of the following statements about 
radioactivity do you think are true?  Choose all that apply.  
 
(A) Radioactivity only occurs if carbon is present 
(B) Radioactivity cannot occur at the Earth’s surface, although it can occur in the 
atmosphere 
(C) Radioactivity can only be created by people, such as in nuclear power plants       
(D) Half-life is a measure of how quickly radioactivity decreases  
(E) Half-life decays away and eventually disappears 
 
______27. If you could travel back in time to when the Earth first formed as 
a planet what type(s) of life do you think you might encounter? 
(A) There would be no life on Earth 
(B) Simple, one-celled organisms 
(C) Animal and plant life in water, but none on land 
(D) All types of life in water and on land, except people 
(E) All types of life in water and on land, including people 
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______28. A scientist collects all of the fossils ever discovered into one room. 
This room now contains: 
 
(A) Fossils of a few of the plants and animals that ever lived 
(B) Fossils of most of the plants and animals that ever lived 
(C) Fossils of most of the types of plants and animals that ever lived 
(D) Fossils of all of the plants and animals that ever lived 
(E) Fossils of all of the types of plants and animals that ever lived 
 
______29. Fossils are studied by scientists interested in learning about the 




   (B) Plant material 
(C) Marks left by plants 
(D) Marks left by animals 
(E) Animal material   
 
______30. How big was the planet Earth when dinosaurs first appeared?  
 
(A) Smaller than today  
(B) Larger than today  
(C) Same size as today 




______31. How far do you think continents move in a single year? 
 
(A)  A few inches 
(B) A few hundred feet 
(C) A few miles 
(D) Scientists do not have enough information to calculate the speed of continents 
(E) Continents do not move 
 
 
______32. The figure below is a view of one-half of the Earth’s surface as 
seen from space today.  The gray areas represent land, and the 
white represents water.  Which of the other figures do you think 
most closely represents this half of the Earth’s surface when 
humans first appeared on Earth? 
 























Conceptual Inventory of Natural Selection 
(Evolution questions numbers 33-52 taken from the work of Anderson et al. ) 
Your answers to these questions will assess your understanding of the Theory of 
Natural Selection.  Please choose the answer that best reflects how a biologist would 
think about each question. 
Galapagos finches 
 
Scientists have long believed that the 14 species of finches on the Galapagos 
Islands evolved from a single species of finch that migrated to the islands one to 
five million years ago (Lack, 1940).  Recent research (Burns, et al, 2002) suggests 
that the original finches came from the Caribbean Islands.  Different species live 
on different islands. For example, the medium ground finch and the cactus finch 
live on one island.  The large cactus finch occupies another island.   One of the 
major changes in the finches is in their beak sizes and shapes as shown in this 
figure. 
                                          
Choose the one answer that best reflects how an evolutionary biologist would 
answer. 
______33. What would happen if a breeding pair of finches was placed on an 
island under ideal conditions with no predators and unlimited 
food so that all individuals survived?  Given enough time,  
a. the finch population would stay small because birds only have enough babies to 
replace themselves. 
b. the finch population would double and then stay relatively stable. 
c. the finch population would increase dramatically. 




______34. Finches on the Galapagos Islands require food to eat and water to 
drink. 
a. When food and water are scarce, some birds may be unable to obtain what they 
need to survive. 
b. When food and water are limited, the finches will find other food sources, so there 
is always enough. 
c. When food and water are scarce, the finches all eat and drink less so that all birds 
survive. 
d. There is always plenty of food and water on the Galapagos Islands to meet the 
finches’ needs.  
 
______35. Once a population of finches has lived on a particular island with 
an unvarying environment for many years,  
a. the population continues to grow rapidly. 
b. the population remains relatively stable, with some fluctuations. 
c. the population dramatically increases and decreases each year. 
d. the population will decrease steadily. 
  
______36. In the finch population, what are the primary changes that occur 
gradually over time? 
a. The traits of each finch within a population gradually change. 
b. The proportions of finches having different traits within a population change. 
c. Successful behaviors learned by finches are passed on to offspring. 
d. Mutations occur to meet the needs of the finches as the environment changes. 
 
______37. Depending on their beak size and shape, some finches get nectar 
from flowers, some eat grubs from bark, some eat small seeds, 
and some eat large nuts.  Which statement best describes the 
interactions among the finches and the food supply? 
 
a. Most of the finches on an island cooperate to find food and share what they find. 
b. Many of the finches on an island fight with one another and the physically 
strongest ones win. 
c. There is more than enough food to meet all the finches’ needs so they don’t need to 
compete for food. 
d. Finches compete primarily with closely related finches that eat the same kinds of 
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proportion of males that are bright and flashy increases in the population.  If a few 
aggressive predators are added to the same stream, the proportion of bright-colored males 
decreases within about five months (3-4 generations).  The effects of predators on guppy 
coloration have been studied in artificial ponds with mild, aggressive, and no predators, 
and by similar manipulations of natural stream environments  (Endler, 1980). 
Choose the one answer that best reflects how an evolutionary biologist 
would answer. 
______41. A typical natural population of guppies consists of hundreds of 
guppies.  Which statement best describes the guppies of a single 
species in an isolated population? 
a. The guppies share all of the same characteristics and are identical to each other. 
b. The guppies share all of the essential characteristics of the species; the minor 
variations they display don’t affect survival. 
c. The guppies are all identical on the inside, but have many differences in appearance. 
d. The guppies share many essential characteristics, but also vary in many features.  
 
______42. Fitness is a term often used by biologists to explain the 
evolutionary success of certain organisms. Which feature would a 
biologist consider to be most important in determining which 
guppies were the “most fit”? 
a. large body size and ability to swim quickly away from predators 
b. excellent  ability to compete for food  
c. high number of offspring that survived to reproductive age 
d. high number of matings with many different females. 
 
______43. Assuming ideal conditions with abundant food and space and no 
predators, what would happen if a mating pair of guppies was 
placed in a large pond? 
a. The guppy population would grow slowly, as guppies would have only the number 
of babies that are needed to replenish the population. 
b. The guppy population would grow slowly at first, then would grow rapidly, and 
thousands of guppies would fill the pond. 
c. The guppy population would never become very large, because only organisms 
such as insects and bacteria reproduce in that manner. 
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______47. What do you think happens among the lizards of a certain species 
when the food supply is limited? 
a. The lizards cooperate to find food and share what they find. 
b. The lizards fight for the available food and the strongest lizards kill the weaker 
ones.  
c. Genetic changes that would allow lizards to eat new food sources are likely to be 
induced. 
d. The lizards least successful in the competition for food are likely to die of 
starvation and malnutrition. 
 
______48. A well-established population of lizards is made up of hundreds of 
individual lizards.  On an island, all lizards in a lizard population 
are likely to . . .  
a. be indistinguishable, since there is a lot of interbreeding in isolated populations. 
b. be the same on the inside but display differences in their external features. 
c. be similar, yet have some significant differences in their internal and external 
features.  
d. be the same on the outside but display differences in their internal features. 
 
______49. Which statement best describes how traits in lizards will be 
inherited by offspring? 
a. When parent lizards learn to catch particular insects, their offspring can inherit 
their specific insect-catching-skills. 
b. When parent lizards develop stronger claws through repeated use in catching prey, 
their offspring can inherit their stronger-claw trait. 
c. When parent lizards’ claws are underdeveloped because easy food sources are 
available, their offspring can inherit their weakened claws. 
d. When a parent lizard is born with an extra finger on its claws, its offspring can 














______50. Fitness is a term often used by biologists to explain the 
evolutionary success of certain organisms. Below are descriptions 
of four fictional female lizards.  Which lizard might a biologist 
consider to be the “most fit”? 
 
 Lizard A Lizard B Lizard C Lizard D 
Body 
length 
20 cm 12 cm 10 cm 15 cm 
Offspring 
surviving to  
adulthood 
            19             28 22 26 
Age at death 4  years 5 years 4 years 6 years 
Comments Lizard A is very 
healthy, strong, 
and clever 
Lizard B has 
mated with 
many lizards 
Lizard C is dark-
colored and very 
quick 
Lizard D has the
largest territory 
of all the lizards
 
a. Lizard A 
b. Lizard B 
c. Lizard C 
d. Lizard D 
 
______51. According to the theory of natural selection, where did the 
variations in body size in the three species of lizards most likely 
come from?  
a. The lizards needed to change in order to survive, so beneficial new traits 
developed. 
b. The lizards wanted to become different in size, so beneficial new traits gradually 
appeared in the population.  
c. Random genetic changes and sexual recombination both created new variations. 






______52. What could cause one species to change into three species over 
time? 
a. Groups of lizards encountered different island environments so the lizards needed 
to become new species with different traits in order to survive. 
b. Groups of lizards must have been geographically isolated from other groups and 
random genetic changes must have accumulated in these lizard populations over 
time. 
c. There may be minor variations, but all lizards are essentially alike and all are 
members of a single species. 
d. In order to survive, different groups of lizards needed to adapt to the different 
islands, and so all organisms in each group gradually evolved to become a new 
lizard species. 
 
Please use this space to write other thoughts, concerns, ideas, criticisms or 
whatever else you would like to share with me. This will not affect your grade and 
your answer will be kept anonymous but they may be used in the study. Only write 
something if it is ok with you that it could be anonymously shared.  
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(Two-column notes and concept maps are checked weekly by each group’s 
teacher) 
Day 1, week 1  
 Participating groups: 1,2,3,4,5,6,7,8,9,10 
*Only the treatment group participated in these deep time related activities.  
Students were informed about how the study would be conducted and 
what was expected of them. The students were provided with a review of concept 
mapping. They worked in small groups to evaluate the completeness and quality 
of their two-column notes and concept mapping.  
Day 2, week 1: 
Participating groups: 1,2,3,4,5 
The Student Concept Inventory was administered. (See Appendix B for 
Concept Inventory). Students were provided with a list of concepts that would be 
discussed during week 1.  
Day 3, week 1:  
Participating groups: 1,2,3,4,5 
Students completed the “Rock Correlation” lab activity as an introduction in the 
principle of superposition and how it is used in relative dating (Spalding and Reil, 
1994). Students read an article written by Repine (2009), which discussed the 
basic principles of the principal of superposition, original horizontality, 
crosscutting relationships, faunal succession, and uniformitarianism. Students 
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added content from the reading and labs to their concept maps and two column 
notes. Students were exposed to how scientists use the rock record to evaluate age 
and the passage of time.  
Day 4, week 1:  
Participating groups: 1,2,3,4,5 
Student worked with two interactive activities designed to provide a 
foundational understanding of radioactive decay (Schultz, 1997; Levine, 1996). 
The students used dice and licorice division to simulate half-lives and developed 
radioactive decay curves.  Students read a United States Geologic Survey 
document about radioactive dating and use (United States Geological Survey, 
2000). Students added content from the reading and labs to the concept maps and 
two-column notes. 
Day 5, week 1:  
Participating groups: 1,2,3,4,5 
Instructors reviewed relative and absolute dating, and included imbedded 
questions utilizing the Promethean™ Active Expressions student response system.  
Students were provided with a list of concepts that would be discussed during 







Day 6, week 2: 
Participating groups: 1,2,3,4,5 
Students were introduced to the geologic time scale using an estimation 
activity in which they placed biological and abiotic events from the geologic time 
scale on ticker tape. Once this was completed, students were shown how scientists 
currently place these events. The students were then given the opportunity correct 
the placement to reflect on the actual occurrence of these events in geologic time 
in their journals (Spaulding and Reil, 1994; O'Brien, 2000). Students read about 
geologic time and the estimated age of the Earth and added content from the 
reading and lab to their concept maps and two column notes. (United States 
Geological Survey, 2000).   
Day 7, week 2:  
Participating groups: 1,2,3,4,5 
Teachers administered a pop quiz on geologic time concepts. This quiz 
was graded in class. Time was spent discussing answers that were frequently 
missed between peers and then with the teachers. The remainder of the period was 
an opportunity for students to continue taking notes from the United States 
Geological Survey publication assigned the previous day, or to received 
assistance from  the teacher about topics that had been covered up to this point in 
the unit. This pop quiz was designed collaboratively by all three instructors 




Day 8, week 2:  
Participating groups: 1,2,3,4,5 
Students began the activity, “A Tour of Geologic Time.” In this activity 
paired groups of students developed a brochure to the major periods of geologic 
time and explored some concepts related to the development of the Earth and its 
transformation over time.  Students were each assigned different geologic time 
periods and were given the task of researching the major biological and abiotic 
events and trends that occurred to the Earth itself and to various life forms that 
inhabited it during that period of time.   
Day 9, week 2: 
Participating groups: 1,2,3,4,5 
Students completed their individual portions of the activity, “A tour of 
Geologic Time”.  
Day 10, week 2: 
Participating groups: 1,2,3,4,5 
Lab partners exchanged content and completed their notes for all four time 
periods studied by acquiring information from other students who were working 
on a different geologic time periods. Teams collaboratively built complete note 





Day 11, week 3*: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
*This is the beginning of the evolution unit for the control groups and 
week 3 for the treatment groups. 
The first activity for week three was “The Evolution of Whale Ankles over 
Geologic time” (Flammer, 2007). Students were assigneded “How Whales have 
Changed over 35 Million Years” (University of California, 2010) and “Whales 
Used Well Developed Back Legs For Swimming, Fossils Show” (Society of 
Vertebrate Paleontology, 2008). This activity related concepts about absolute and 
relative dating and foreshadows the change in a physiology of an organism into a 
new species within a geologic time framework. Students are provided with a list 
of concepts that would be discussed during week 3.  
Day 12, week 3: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students viewed the NOVA film “Great Transformations” (NOVA, 2001). 
This film overviewed evolutionary change over time and specifically the 
discovery of how whales evolved.  For homework, students read “Link between 
Marine Algae and Whale Diversity Over Last 30 Million Years, Study Finds.” 






Day 13, week 3  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students completed the web activity “What did T. Rex Taste Like?” 
(University of California Museum of Paleontology, 2007). This activity provided 
an introduction into how cladograms function.  Students read “Australian Fossil 
Unlocks Secrets to the Origin of Whales” (Wiley and Blackwell, 2009). 
Day 14, week 3: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students used genetic data from the conserved hemoglobin protein gene 
“HBB” to evaluate the relatedness of the modern whale to other extant mammals 
( Foglia and Brown, 2009). (This activity was slightly modified from the cited 
document because of some updated software issues. The core of the activity and 
learning outcomes remained unaffected.) For homework, students read and 
journaled about the article “First Genetic Evidence for Loss of Teeth in the 
Common Ancestor of Baleen Whales” (University of California – Riverside, 
2010). 
Day 15, week 3:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Teachers administered a pop quiz on evolution concepts. This quiz was 
graded in class. Time was spent discussing answers that were frequently missed. 
The remainder of the period was an opportunity for students to continue taking 
notes from the previously assigned reading, or to receive assistance from  the 
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teacher about topics that were covered up in the unit. This assessment was 
designed collaboratively by all three instructors participating in the study. 
Day 16, week 4: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students participated in the “Island Biogeography and Evolution activity: 
Solving a Phylogenetic Puzzle using Molecular Genetics” (Filson, n.d.). This 
activity utilized multiple real pieces of data (geography, geological history, 
morphology, and molecular genetics) in order to assess the ancestry of a 
geographically isolated population of lizards on the Canary Islands.  This activity 
demonstrated how data from many sources can be utilized to appreciate the 
evolutionary process and model how scientific reasoning occurs. Students were 
provided with a list of concepts that were discussed during week 4.  
Day 17, week 4: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students finished their “Island Biogeography” lab and pieced together 
evidence from various sources in order to determine the phylogenetic heritage of 
an isolated lizard population (Filson, n.d.).  
Day 18, week 4:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students completed interactive computer simulation activities “Flashy 
Fish” and “Evodots” which focused on selection pressure generated by sexual 
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selection and predator/prey relationships respectively.  Students read content 
concerning other selection pressure that may potentially lead to speciation 
(Campbell et al., 2004). Students added content from the reading and labs to their 
concept maps and two column notes. 
Day 19, week 4: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Instructor showed the NOVA film “Why Sex” (NOVA, 2001). This film 
discussed the nature of sexual selection as a pressure for evolution. Students took 
notes during the film and added content to their concept maps and two column 
notes. 
Day 20, week 4:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Instructors presented a review lecture on natural selection, and included 
imbedded questions that utilized the student response system.   
Day 21, week 5: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students explored the concept of coevolution through a simulated activity 
involving playing cards (Tatina, 2007). Students read a complementary article on 
coevolution, “The Puzzle of Biological Diversity”  (National Institute for 
Mathematical and Biological Synthesis (NIMBioS) 2010)  and “New Bird Species 
Found In Idaho, Demonstrates Co-evolutionary Arms Race”  (University of 
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Chicago Press Journals, 2007). Students added content from the reading and labs 
to their concept maps and two-column notes. 
Day 22, week 5:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students began work on their “Clamis Sweetis” lab. This lab provided a 
final opportunity for students to examine how competition influences a population 
of organisms on a microevolutionary time scale though predator-prey interaction 
and highlighted the advantages of certain morphological characteristic (such as 
shell hardness or color) to promote directional selection. Directional selective 
pressure was caused a differential survival rate amongst offspring.  
Day 23, week 5: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students completed the “Clamis Sweetis” lab. 
Day 24, week 5:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students began to examine how the concepts of punctuated equilibrium 
and phyletic gradualism are represented in the fossil record (McComas and Alters, 
1994). Students read MacLeod (n.d.), that covers the concepts of phyletic 
gradualism and punctuated equilibrium. Students added content from the reading 




Day 25, week 5:  
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students finished the punctuated equilibrium and phyletic gradualism lab.  
Day 26, week 6: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Instructors showed the NOVA film “Extinction” (NOVA, 2001). This film 
discussed what extinction is, provided examples of historical extinction events 
and explained why extinction is an important aspect of the evolutionary process. 
Students took notes during the film and added this to the concept maps and two 
column notes. 
Day 27, week 6: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
Students participated in an activity using “Inquiry Cubes” (Working Group 
on Teaching Evolution, 1998). The “Inquiry Cubes” are large cubes with patterns of 
varying complexity displayed on their faces. Students are allowed to look at all 
faces except for one (students are never permitted to view the hidden face) and had 
to use the data they collected to predict what appears on the hidden face of the cube. 
This process of collecting data and hypothesizing about an unknown mirrors the 
scientific process. This activity is designed to assist students in making the 
connection that scientific theories are based upon what is observable and testable in 
the natural world and not upon a preexisting conception of what the data “should” 
be saying.  
 
138 
Day 28, week 6: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
The Student post-test Concept Inventory was administered as a post-test. 
(See Appendix B for Concept Inventory.)  
Day 29, week 6: 
Participating groups: 1,2,3,4,5,6,7,8,9,10 
This was a review day for all classes in preparation for the unit test the next 
day. A unit test was administered to the treatment and control groups.  This 








DENT GROUP SCORE DATA 
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The following pages present data that was referred to in the beginning of the 
results chapter. The table below indicates which t4eacher taught the sections referred to 
in the following tables and the period in which those classes were taught. 
 
Distribution of Teacher and Student Groups 
 
Teacher 1   Teacher 2   Teacher 3   
Group Period Group 
 
Period Group  Period 
1 (treatment) 1 2 (treatment) 3 
3 
(treatment) 4 
6 (control) 2 8 (control) 4 
7 
(control) 3 
    4 (treatment) 5 
5 
(treatment) 6 


















Independent Samples t-Test: Initial Score Comparison for Geologic Time Questions 
19-32 
Independent Samples t-Test: Initial Score Comparison Between Treatment 
Groups for the Geologic Time Test Questions ( 19-32) 
Group Statistics   





Mean   
group_1 23 6.30 2.87 .598   
group_2 19 5.63 1.98 .454   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















1.86 .181 .866 40 .392 .673 .777 -.898 2.24 
Equal variances 
not assumed 
.896 38.9 .376 .673 .751 -.846 2.19 
  
Group Statistics   





Mean   
group_1 23.0 6.30 2.87 .598   
group_3 20.0 5.65 2.66 .595   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.022 .882 .772 41.0 .445 .654 .848 -1.06 2.37 
Equal variances 
not assumed 




Group Statistics   





Mean   
group_1 23.0 6.30 2.87 .598   
group_4 20.0 6.15 2.48 .554   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.170 .682 .187 41.0 .852 .154 .823 -1.51 1.82 
Equal variances 
not assumed 
.189 41.0 .851 .154 .815 -1.49 1.80 
  
Group Statistics   





Mean   
group_1 23.0 6.30 2.87 .598   
group_5 20.0 5.35 2.37 .529   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.918 .344 1.18 41.0 .245 .954 .809 -.680 2.589 
Equal variances 
not assumed 




Group Statistics   





Mean   
group_2 19.0 5.63 1.98 .453   
group_3 20.0 5.65 2.66 .595   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
















1.78 .190 -.024 37.0 .981 -.0184 .754 -1.546 1.51 
Equal variances 
not assumed 
-.025 35.0 .981 -.0184 .7483 -1.54 1.50 
  
Group Statistics   





Mean   
group_2 19.0 5.63 1.98 .454   
group_4 20.0 6.15 2.48 .554   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















1.239 .273 -.720 37.0 .476 -.518 .720 -1.98 .941 
Equal variances 
not assumed 
-.724 35.9 .474 -.518 .716 -1.97 .934 
 
 









Mean   
group_2 19.0 5.63 1.98 .454   
group_5 20.0 5.35 2.37 .529   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.105 .747 .402 37 .690 .282 .701 -1.14 1.70 
Equal variances 
not assumed 
.404 36.4 .689 .282 .697 -1.13 1.69 
  
Group Statistics   





Mean   
group_3 20.0 5.65 2.66 .595   
group_4 20.0 6.15 2.48 .554   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.078 .782 -.615 38.0 .542 -.500 .813 -2.15 1.15 
Equal variances 
not assumed 




Group Statistics   





Mean   
group_3 20.0 5.65 2.66 .595   
group_5 20.0 5.35 2.37 .529   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.742 .394 .377 38.0 .709 .300 .797 -1.31 1.91 
Equal variances 
not assumed 
    .377 37.5 .709 .300 .797 -1.31 1.91 
  
Group Statistics   





Mean   
group_4 20.0 6.15 2.48 .554   
group_5 20.0 5.35 2.37 .529   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.402 .530 1.04 38.0 .303 .800 .766 -.751 2.35 
Equal variances 
not assumed 






Independent Samples t-Test: Initial Score Comparison Between Control Groups 
for the Geologic Time Test Questions ( 19-32) 
Group Statistics    





Mean    
group_6 16.0 6.50 2.92 .730    
group_7 24.0 6.63 2.68 .548    
    
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 














.092 .763 -.139 38.0 .890 -.125 .897 -1.94 1.69 
Equal variances 
not assumed 
-.137 30.4 .892 -.125 .913 -1.99 1.74 
   






Mean   
group_6 16.0 6.50 2.92 .730   
group_8 24.0 5.54 2.19 .446   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
















1.58 .216 1.19 38.0 .243 .958 .808 -.677 2.59 
Equal variances 
not assumed 
1.12 25.9 .273 .958 .856 -.801 2.72 
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Mean    
group_6 16.0 6.50 2.92 .730    
group_9 25.0 6.28 2.87 .573    
    
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.014 .906 .238 39.0 .813 .220 .924 -1.65 2.09 
Equal variances 
not assumed 
.237 31.7 .814 .220 .928 -1.67 2.11 
    






Mean    
group_6 16.0 6.50 2.92 .730    
group_10 23.0 6.26 2.18 .454    
    
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 














1.65 .207 .293 37.0 .771 .239 .816 -1.41 1.89 
Equal variances 
not assumed 
.278 26.2 .783 .239 .860 -1.53 2.01 
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Mean   
group_7 24.0 6.63 2.68 .548   
group_8 24.0 5.54 2.19 .446   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 














1.13 .294 1.53 46.0 .132 1.08 .707 -.339 2.51 
Equal variances 
not assumed 
1.53 44.2 .132 1.08 .707 -.340 2.51 
   






Mean   
group_7 24.0 6.61 2.68 .548   
group_9 25.0 6.28 2.81 .573   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.037 .847 .435 47.0 .666 .345 .794 -1.25 1.94 
Equal variances 
not assumed 
.435 46.9 .665 .345 .793 -1.25 1.94 
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Group Statistics    





Mean    
group_7 24.0 6.63 2.68 .548    
group_10 23.0 6.26 2.18 .454    
    
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
















1.209 .277 .509 45.0 .613 .36413 .71483 -1.07561 1.80387 
Equal variances 
not assumed 
.512 43.839 .611 .36413 .71164 -1.07024 1.79850 
   
Group Statistics   





Mean   
group_8 24.0 5.54 2.19 .446   
group_9 25.0 6.28 2.87 .573   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















1.419 .240 -1.01 47.0 .317 -.738 .730 -2.21 .731 
Equal variances 
not assumed 
-1.02 44.8 .315 -.738 .726 -2.202 .725 
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Group Statistics   






Mean   
g
roup_8 4.0 .54 
2
.187 446   
g
roup_10 3.0 .26 
2
.18 454   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 














.004 .947 -1.13 45.0 .265 -.719 .637 -2.00 .564 
Equal variances 
not assumed 
-1.13 44.9 .265 -.719 .637 -2.00 .564 
   
Group Statistics   





Mean   
group_9 25.0 6.28 2.87 .573   
group_10 23.0 6.26 2.18 
454   
   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 














1.492 .228 .026 46.0 .979 .019 .739 -1.47 1.51 
Equal variances 
not assumed 




Independent Samples t-Test: Initial Score Comparison for Evolution Questions 
33-52 
Independent Samples t-Test: Initial Score Comparison Between Treatment 
Groups for the Evolution Test Questions ( 33-52) 
Group Statistics   





Mean   
group_1 23.0 9.00 3.79 .79   
group_2 19.0 7.84 3.37 .773   
  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 















.463 .500 1.04 40.0 .307 1.158 1.12 -1.10 3.42 
Equal variances 
not assumed 
1.05 39.8 .301 1.158 1.11 1.08 3.39 
 
Group Statistics  






group_1 23.0 9.00 3.79 .790  
group_3 20.0 8.05 3.30 .738  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.548 .463 .870 41.0 .389 .950 1.09 -1.26 3.16 
Equal variances 
not assumed 




Group Statistics  






group_1 23.0 9.00 3.789 .790  
group_4 20.0 7.65 3.392 .758  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.171 .682 1.22 41.0 .228 1.35 1.10 -.879 3.58 
Equal variances 
not assumed 
1.23 40.9 .225 1.35 1.09 -.862 3.56 
  
Group Statistics  






group_1 23.0 9.00 3.79 .790  
group_5 20.0 8.15 3.73 .834  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.234 .631 .739 
1.0 









Group Statistics  






group_2 19.0 7.84 3.37 .773 
 
group_3 20.0 8.05 3.30 .738  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

















.002 .969 -.195 37.0 .847 -.208 1.07 -2.38 1.96 
Equal variances 
not assumed 
-.194 36.8 .847 -.208 1.07 -2.37 1.96 
 
Group Statistics  






group_2 19.0 7.84 3.37 .773  
group_4 20.0 7.65 3.39 .758 
 
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.092 .764 .177 37.0 .860 .192 1.083 -2.00 2.39 
Equal variances 
not assumed 




Group Statistics  






group_2 19.0 7.84 3.37 .773  
group_5 20.0 8.15 3.73 .834  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.021 .885 -.270 37.0 .789 -.308 1.14 -2.62 2.00 
Equal variances 
not assumed 
-.271 36.912 .788 -.308 1.14 -2.61 1.99 
 
Group Statistics  






group_3 20.0 8.05 3.30 .738  
group_4 20.0 7.65 3.39 .758  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.125 .726 .378 38.0 .708 .400 1.06 -1.74 2.54 
Equal variances 
not assumed 




Group Statistics  






group_3 20.0 8.05 3.30 .738  
group_5 20.0 8.15 3.73 .834  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 
















.034 .854 -.090 38.0 .929 -.100 1.11 -2.35 2.15 
Equal variances 
not assumed 
-.090 37.4 .929 -.100 1.11 -2.36 2.16 
 
Group Statistics  






group_4 20.0 7.65 3.39 .758  
group_5 20.0 8.15 3.73 .834  
 
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 


























Independent Samples t-Test: initial score comparison between control groups 
for the evolution test questions ( 33-52) 
Group Statistics   






Mean   
group_6 16.0 9.13 2.94 
735   
group_7 24.0 10.6 3.74 
763   
    
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 




















1.34 .255 -1.35 38.0 .185 -1.50 1.11 -3.75 .752 
Equal variances 
not assumed 
  -1.41 36.8 .165 -1.50 1.06 -3.65 .648 
   
Group Statistics  







group_6 16.0 9.13 2.94 .735  
group_8 24.0 6.50 2.21 .450  
   
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

























  3.04 25.9 .005 2.63 .862 .853 4.3
9 




Group Statistics  







group_6 16.0 9.13 2.94 
735  
group_9 25.0 9.24 4.41 .882  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 


















1.189 .282 -.092 39.0 .927 -.115 1.25 -2.65 2.42 
Equal variances 
not assumed 
  -.100 38.9 .921 -.115 1.15 -2.44 2.21 
  
Group Statistics 







group_6 16.0 9.13 2.94 .735 
group_10 23.0 6.69 2.20 .459 
  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 


















3.42 .073 2.95 37.0 .005 2.43 .823 .761 4.09 
Equal variances 
not assumed 




















group_7 24.0 10.63 3.74 .763 
group_8 24.0 6.50 2.21 .450 
  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 



















8.237 .006 4.65 46.0 .000 4.13 .886 2.341 5.91 
Equal variances 
not assumed 
  4.65 37.3 .000 4.13 .886 2.33 5.92 
   
Group Statistics  







group_7 24.0 10.60 3.74 .763  
group_9 25.0 9.24 4.41 .882  
   
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

















.070 .793 1.18 47.0 .243 1.39 1.17 -.969 3.74 
Equal variances 
not assumed 
















group_7 24.0 10.6 3.74 763 
group_10 23.0 6.69 2.20 .459 
  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 





















.004 4.36 45.0 .000 3.93 .900 2.12 5.74 
Equal variances 
not assumed 
  4.41 37.5 .000 3.93 .891 2.12 5.73 
   
Group Statistics  







group_8 24.0 6.50 2.21 .450  
group_9 25.0 9.24 4.41 .882  
   
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 


















-2.73 47.0 .009 -2.74 1.00 -4.76 -.723 
Equal variances 
not assumed 




















group_8 24.0 6.50 2.21 .450 
group_10 23.0 6.69 2.20 .459 
  
Independent Samples Test 
  
Levene'
s Test for 
Equality of 
Variances t-test for Equality of Means 

















.239 .627 -.304 45.0 .763 -.196 .644 -1.49 .10 
Equal variances 
not assumed 
  -.304 44.920 .763 -.196 .644 -1.49 1.10 
   
Group Statistics 







group_9 25.0 9.24 4.41 .882 
group_10 23.0 6.69 2.20 .459 
  
Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances t-test for Equality of Means 














6.64 .013 2.49 46.0 .016 2.54 1.02 .491 4.59 
Equal variances 
not assumed 




One-Sample t-Test:  
Pre and post study comparison of control group means to combined treatment group mean  
One-Sample Test: Prestudy Score Comparison of Each Control Group with Entire 
Treatment Group Average Mean Value for the Geologic Time Test Questions 
One-Sample Statistics




Control group t1g6 
geologic time test scores prestudy 
16.0 6.50 2.92 .730 
Control group t3g7 
geologic time test scores prestudy 
24.0 6.63 2.68 .548 
Control group t2g8 
geologic time test scores prestudy 
24.0 5.54 2.19 .446 
Control group t3g9 
geologic time test scores prestudy 
25.0 6.28 2.87 .573 
Control group t2g10 
geologic time test scores prestudy 
23.0 6.26 2.18 .454 
One-Sample Test
 Test Value = 5.83 
t df Sig. (2-tailed) Mean 
Difference 
95% Confidence Interval of the 
Difference 
Lower Upper 
Control group t1g6 
geologic time test scores 
prestudy 
.917 15.0 .373 .670 -0.89 2.23 
Control group t3g7 
geologic time test scores 
prestudy 
1.45 23.0 .160 .795 -0.34 1.93 
Control group t2g8 
geologic time test scores 
prestudy 
-.646 23.0 .525 -.288 -1.21 0.63 
Control group t3g9 
geologic time test scores 
prestudy 
.785 24.0 .440 .450 -0.73 1.63 
Control group t2g10 
geologic time test scores 
prestudy 
.948 22.0 .353 .431 -0.51 1.37 
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One-Sample Test: Prestudy Score Comparison of Each Treatment Group with 
Entire Control Group Average Mean Value for the Geologic Test Questions 
 
One-Sample Statistics




Treatment group t1g1 
geologic time test scores prestudy 
23.0 6.30 2.87 .598
Treatment group t2g2 
geologic time test scores prestudy 
19.0 5.63 1.98 .454
Treatment group t3g3 
geologic time test scores prestudy 
20.0 5.65 2.66 .595
Treatment group t2g4 
geologic time test scores prestudy 
20.0 6.15 2.48 .554
Treatment group t3g5 
geologic time test scores prestudy 
20.0 5.35 2.37 .530
One-Sample Test
 Test Value = 6.22 





Interval of the Difference 
Lower Upper 
Treatment 
group t1g1 geologic time 
test scores prestudy 
.141 22.0 .889 .084 -1.16 1.32 
Treatment 
group t2g2 geologic time 
test scores prestudy 
-1.297 18.0 .211 -.588 -1.54 0.36 
Treatment 
group t3g3 geologic time 
test scores prestudy 
-.958 19.0 .350 -.570 -1.82 0.68 
Treatment 
group t2g4 geologic time 
test scores prestudy 
-.126 19.0 .901 -.070 -1.23 1.09 
Treatment 
group t3g5 geologic time 
test scores prestudy 




One-Sample Test: Prestudy Score Comparison of Each Control Group with Entire 
Treatment Group Average Mean Value for the Evolution Test Questions 
One-Sample Statistics




Control group t1g6 
evolution test scores prestudy 
16.0 9.13 2.94 .735
Control group t3g7 
evolution test scores prestudy 
24.0 10.6 3.74 .763
Control group t2g8 
evolution test scores prestudy 
24.0 6.50 2.21 .450
Control group t3g9 
evolution test scores prestudy 
25.0 9.24 4.41 .882
Control group t2g10 
evolution test scores prestudy 




 Test Value = 8.17 
t df Sig. (2-tailed) Mean 
Difference 




t1g6 evolution test scores 
prestudy 
1.29 15.0 .214 .955 -0.61 2.52 
Control group 
t3g7 evolution test scores 
prestudy 
3.22 23.0 .004 2.46 0.88 4.03 
Control group 
t2g8 evolution test scores 
prestudy 
-3.71 23.0 .001 -1.67 -2.60 -0.74 
Control group 
t3g9 evolution test scores 
prestudy 
1.21 24.0 .237 1.07 -0.75 2.89 
Control group 
t2g10 evolution test 
scores prestudy 




One-Sample Test: Prestudy Score Comparison of Each Treatment Group with 








Treatment group t1g1 
evolution test scores prestudy 
23 9.00 3.790 .790
Treatment group t2g2 
evolution test scores prestudy 
19 7.84 3.371 .773
Treatment group t3g3 
evolution test scores prestudy 
20 8.05 3.300 .738
Treatment group t2g4 
evolution test scores prestudy 
20 7.65 3.392 .758
Treatment group t3g5 
evolution test scores prestudy 
20 8.15 3.731 .834
One-Sample Test
 Test Value = 8.41 
t df Sig. (2-tailed) Mean 
Difference 




group t1g1 evolution test 
scores prestudy 
.747 22 .463 .590 -1.05 2.23 
Treatment 
group t2g2 evolution test 
scores prestudy 
-.734 18 .472 -.568 -2.19 1.06 
Treatment 
group t3g3 evolution test 
scores prestudy 
-.488 19 .631 -.360 -1.90 1.18 
Treatment 
group t2g4 evolution test 
scores prestudy 
-1.002 19 .329 -.760 -2.35 .83 
Treatment 
group t3g5 evolution test 
scores prestudy 




One-Sample Test: Prestudy Score Comparison of Each Treatment Group with 
Entire Control Group Average Mean Value for the Combined Concept Inventory 
(Evolution and Geologic Time Test Questions) 
One-Sample Statistics 




T1_G1_whole_pretest 23 15.3 5.70 1.19
T2_G2_whole_pretest 19 13.5 4.53 1.04
T3_G3_whole_pretest 20 13.8 5.14 1.15
T2_G4_whole_pretest 20 13.8 5.24 1.17




 Test Value = 14.6 
t df Sig. (2-tailed) Mean 
Difference 





.593 22 .560 .704 -1.76 3.17 
T2_G2_whol
e_pretest 
-1.09 18 .292 -1.13 -3.31 1.06 
T3_G3_whol
e_pretest 
-.740 19 .469 -.850 -3.26 1.56 
T2_G4_whol
e_pretest 
-.683 19 .503 -.800 -3.25 1.65 
T3_G5_whol
e_pretest 






One-Sample Test: Prestudy Score Comparison of Each Control Group with Entire 
Treatment Group Average Mean Value for the Combined Concept Inventory (Evolution 
and Geologic Time Test Questions) 
 
One-Sample Statistics
 N Mean Std. Deviation Std. Error Mean 
T1_G6_whole_pretest 16                15.56 4.52 1.13
T3_G7_whole_pretest 24 17.3 5.58 1.14
T2_G8_whole_pretest 24 12.0 3.99 .815
T3_G9_whole_pretest 25 15.5 6.76 1.35




 Test Value = 14.0 
t df Sig. (2-tailed) Mean 
Difference 







15 .187 1.56 -.844 3.97
T3_G7_whole
_pretest 
2.85 23 .009 3.25 .893 5.61
T2_G8_whole
_pretest 
-2.40 23 .025 -1.96 -3.65 -.272
T3_G9_whole
_pretest 
1.12 24 .272 1.52 -1.27 4.31
T2_G10_whol
e_pretest 









Score Comparison for Geologic Time Questions 19-32 and Evolution 
question (33-52). Groups 7 and 8 are removed) 
Independent Samples t-Test: Score Gain Comparison Between Control Groups 
for the Evolution Test Questions (33-52) and Geologic Time Questions (19-32); 
Groups 7 and 8 Removed from Analysis 
 
 Group Statistics    





















Treatment 101 1.06 3.16 .314    
Control 64 .594 3.22 .403 
   
     
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 

















1.17 .282 -.922 163 .358 -.653 .708 -2.05 .745 
Equal 
variances not assumed 
-.908 127 .366 -.653 .719 -2.08 .770 
Equal 
variances assumed 
.088 .768 .916 163 .361 .466 .508 -.538 1.47 
Equal 
variances not assumed 












One Sample t-Test: Post Test Score Comparison Between Combined Control 
Group Post Test Average and Individual Treatment Groups for the Combined Concept 
Inventory (Evolution Test Questions (33-52) and Geologic Time Questions (19-32)); 
Groups 7 and 8 Removed From Analysis 
One-Sample Statistics
 N Mean Std. Deviation Std. Error Mean 
T1_G1_combined_po
sttest 
23 19.2 5.91 1.23 
T2_G2_combined_po
sttest 
19 13.9 5.89 1.35 
T3_G3_combined_po
sttest 
20 15.7 4.63 1.03 
T2_G4_combined_po
sttest 
20 13.5 5.24 1.17 
T3_G5_combined_po
sttest 




 Test Value = 14.6 
t df Sig. (2-tailed) Mean 
Difference 





3.71 22 .001 4.57 2.02 7.13 
T2_G2_combine
d_posttest 
-.521 18 .608 -.705 -3.55 2.14 
T3_G3_combine
d_posttest 
1.02 19 .323 1.05 -1.11 3.21 
T2_G4_combine
d_posttest 
-.982 19 .338 -1.15 -3.60 1.30 
T3_G5_combine
d_posttest 







One Sample t-Test: Post Test Score Comparison Between Combined Control 
Group Post Test Average and Individual Treatment Groups for Geologic Time Questions 
(19-32); Groups 7 and 8 Removed From Analysis 
 
One-Sample Statistics
 N Mean Std. Deviation Std. Error Mean 
Treatment group t1g1 
geologic time test scores post study 
23 7.61 2.29 .478 
Treatment group t2g2 
geologic time test scores post study 
19 6.37 2.93 .672 
Treatment group t3g3 
geologic time test scores post study 
20 6.50 2.67 .587 
Treatment group t2g4 
geologic time test scores post study 
20 6.35 2.78 .621 
Treatment group t3g5 
geologic time test scores post study 
20 7.45 2.31 .515 
 
One-Sample Test
 Test Value = 6.95 
t df Sig. (2-tailed) Mean 
Difference 




group t1g1 geologic time 
test scores post study 
1.38 22 .182 .659  -.33   1.65
Treatment 
group t2g2 geologic time 
test scores post study 
-.866 18 .398 -.582 -1.99 .83
Treatment 
group t3g3 geologic time 
test scores post study 
-.766 19 .453 -.450 -1.68 .78
Treatment 
group t2g4 geologic time 
test scores post study 
-.966 19 .346 -.600 -1.90 .70
Treatment 
group t3g5 geologic time 











 One Sample t-Test: Post Test Score Comparison Between Combined Control 
Group Post Test Average and Individual Treatment Groups for Evolution Test Questions 
(33-52); Groups 7 and 8 Removed From Analysis 
 
One-Sample Statistics




Treatment group t1g1 
evolution test scores post study 
23 11.57 4.39 .917 
Treatment group t2g2 
evolution test scores post study 
19 7.53 3.88 .890 
Treatment group t3g3 
evolution test scores post study 
20 9.15 3.10 .693 
Treatment group t2g4 
evolution test scores post study 
20 7.15 3.36 .751 
Treatment group t3g5 
evolution test scores post study 
20 9.45 3.99 .893 
 
One-Sample Test
 Test Value = 9.89 
t df Sig. (2-tailed) Mean 
Difference 




group t1g1 evolution test 
scores post study 
1.83 22 .081 1.68 -0.23 3.58 
Treatment 
group t2g2 evolution test 
scores post study 
-2.66 18 .016 -2.36 -4.23 -0.49 
Treatment 
group t3g3 evolution test 
scores post study 
-1.07 19 .299 -.740 -2.19 0.71 
Treatment 
group t2g4 evolution test 
scores post study 
-3.65 19 .002 -2.74 -4.31 -1.17 
Treatment 
group t3g5 evolution test 
scores post study 
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Demographic information of student groups. Each question lists the number of students that 
chose each response and the percent total of N for that answer choice.  
     
Control 
Group   
Post 
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Geologic time question response choice. Each question lists the number of students that chose 
each response and the percent total of N for that answer choice. 
Contr
ol Group   
Post 
Test Scores   
N
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Treat
ment Group   
Pretes
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N = 
102 Correct 
A (61, B C (31, D E (4, C 
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Evolution question response choice. Each question lists the number of students that chose each 
response and the percent total of N for that answer choice.  
     
Contr
ol Group   
Post 
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179 
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Independent Samples t-Test:  
Initial score comparison of gender based group for the evolution test 
Group Statistics   





Mean   
Control male 54 8.52 4.15 .564   
Control female 58 8.31 3.03 .398   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 



















.302 96.5 .764 .208 .690 
1.16 .58 
Group Statistics   





Mean   
Treatment male 63 8.27 3.42 .431   
Control female 58 8.31 3.03 .398   
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
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Group Statistics   





Mean   
Treatment male 63 8.27 3.42 .431   
Control male 54 8.52 4.15 .564   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















1.77 .186 -.356 115 .723 -.249 .699 -1.63 1.14 
Equal variances 
not assumed 
-.350 103 .727 -.249 .709 -1.66 1.16 
  
Group Statistics   





Mean   
Treatment female 39 8.00 3.66 .585   
Control female 58 8.31 3.027 .398   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















1.08 .301 -.455 95.0 .650 -.310 .682 -1.66 1.04 
Equal variances 
not assumed 





Group Statistics   





Mean   
Treatment female 39 8.00 3.66 .585   
Control male 54 8.52 4.15 .564   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.627 .430 -.625 91 .534 -.519 .82 -2.17 1.13 
Equal variances 
not assumed 
-.638 87.4 .525 -.519 .813 -2.13 1.09 
  
Group Statistics   





Mean   
Treatment female 39 8.00 3.66 .585   
Treatment male 63 8.27 3.42 .431   
  
Independent Samples Test 
  
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 















.145 .704 -.377 100 .707 -.269 .715 -1.69 1.15 
Equal variances 
not assumed 





Independent Samples t-Test:  
Score gains for gender based group for the evolution test 
Group Statistics  







Control male 37 .784 5.76 .948  
Control 
female 
61 .951 4.68 .599 
 
   





Variances t-test for Equality of Means 




















3.74 .056 -.157 
6.0 876 
-.167 1.07 -2.28 1.95 




-.167 1.12 -2.41 2.07 
   
Group Statistics  













61 .951 4.68 .599 
 





Variances t-test for Equality of Means 




















.014 .905 .791 98 .431 .767 .969 -1.16 2.69 
Equal variances not 
assumed 
.787 79.7 .434 .767 .975 -1.17 2.71 
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Group Statistics  







Treatment male 39 1.72 4.80 .769  
Control male 37 .78 5.76 .948  
   





Variances t-test for Equality of Means 



















assumed .23 076 
.769 74.0 .444 .934 1.21 -1.49 3.36 
Equal variances not 
assumed 
.766 70.2 .447 .934 1.22 1.49 3.37 
   
Group Statistics  
gains_number_code_ 







Treatment female 59 .475 3.99 .519  
Control female 61 .951 4.68 .599  
   





Variances t-test for Equality of Means 



















assumed 086 770 
-.598 118 .551 -.476 .796 -2.05 1.09 
Equal variances not 
assumed 
-.600 116 .550 -.476 .794 -2.05 1.09 
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Group Statistics  







Treatment female 59 .475 3.99 .519  
Control male 37 .783 5.76 .947  
   





Variances t-test for Equality of Means 




















6.43 .013 -.310 94.0 .757 -.309 .996 -2.29 1.67 
Equal variances not 
assumed 
-.286 57.7 .776 -.309 1.08 -2.47 1.85 
   
Group Statistics  







Treatment female 59 .475 3.99 .519  
Treatment male 39 1.72 4.80 .769  
   





Variances t-test for Equality of Means 


















.014 .905 -1.39 96.0 .167 -1.24 .894 -3.02 .531 
Equal variances not 
assumed 










Week 1 concepts: 
• Relative dating 
• Absolute dating 
• Radioactive decay 
• Half-life 
• Law of superposition 
• Law of original 
horizontality 
• Crosscutting relationships 
• Stratagraphic correlation 
• Faunal succession  
• Geologic time 
 




• Fossil record 
• Extinction (causes and 






• Fossil record 
• Scientific Evidence 
• Geologic time 
 
Week 3 concepts: 





• Evolution ancestry 
• Phylogenetic tree 
• Outgroup  
• Skeletal modification  




Week 4 concepts: 
• Gene pool 
• Microevolution 
• Genetic drift 
• Gene flow 
• Fitness 
• Biological species concept 
• Macroevolution 
• Speciation 
• Reproductive isolation 
• Geographic isolation 
• Adaptive radiation 
• Sexual dimorphism 
• Mutation  
 




• Punctuated equilibrium 
• Gradualism (phyletic 
gradualism)  
• Lineage 
• Geologic record 
• Descent with modification 
• Morphology 
• Speciation 
• Selection pressures 
• Red Queen Hypothesis  
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